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1.0  INTRODUCTION 


Ilieorctical  studies,  simulator  evaluations,  ground  tests  and  flight  tests 
were  conducted  to  substantiate  the  flighlwonhmess  of  the  XV-5A  Research 
Vehicles.  TTiis  report  describes  the  work  accomplished,  the  procedures 
followed  to  provide  the  substantiation;  describes  the  development  and  de¬ 
sign  of  the  aircraft,  and  delineate.,  operational  reli''i>ility  information. 

Submittal  of  this  report  is  made  in  accord;'’  :e  with  Government  Contract 
No,  DA  44-177-TC-715. 

TTie  technical  section  of  the  report  is  divided  into  eight  principal  sections. 
These  are; 


3.  0  Aircraft  Performance 

4.  0  Strength  Requirements  and  Compliance 

5.  0  Design  and  Construction  -  C.?neral 

6.  0  Propulsion  Systent 

7.  0  Equipment 

8.0  Operating  Limitations  and  Information 
9.0  Reliability  Data 
J  0.  0  Components 

Section  3.  0  provides  a  dis  ussion  and  substantiating  curves  of  stalling 
speeds,  takeoff,  climb  and  landing  performance,  and  the  speed -altitude 
envelope.  .-\  VTOL  sir.f^le  engine  minimum  recovery  envelope  is  also 
presented. 

Section  4,  o  describe.s  the  structural  design  requirements,  their  suitability 
to  this  airciaft,  and  confirms  that  the  aircraft  meets  requirements. 

Section  5.  0  diseus.se.s  the  general  considerations  of  design  and  construc¬ 
tion,  and  shows  the  aiiplication  of  acceptable  uircrafi  practice  for  the 
choice  ami  use  of  materials,  manufacturing  methods,  and  quality  assurance. 

{’he  propulsion  system  discussed  in  Section  (i.O  provides  flighlworthiness 
qualifying  (lata,  and  lists  the  pertinent  General  Electric  reports.  Tlie 
section  describes  the  suilu’oilily,  and  the  opo»’ating  characteristics  of  the 
propulsion  system,  its  accessories  and  subsystems. 

Adequacy  and  flighlvvorth incss  of  instruments,  electrical  system,  hydrau¬ 
lic  system,  eonl'’ol  syste'n,  stability  augmentation  system,  cockpit  envi¬ 
ronment,  'aiuling  gear  and  specific  safety  provisions  are  shown  in 


Section  7.  0.  Presented  are  design  philosophy,  installed  performance  and 
the  referrnces,  which  substantiate  the  fact  that  these  systems  are  safe 
and  proper,  and  will  provide  aircraft  dependability. 

Section  8.  0  summarizes,  and  provides  a  guide  to  other  published  data 
related  to  the  operating  limits  of  the  XV-5A  aircraft. 

Reliability  is  discussed  in  Section  9.0.  Applicable  curves,  tables  and 
figxires  are  presented. 

Secuon  10. 0  lists  all  parts  which  are  not  classified  or  "standard  quali¬ 
fied",  and  discusses  the  acceptabilitj'  of  each  such  unqualified  part  for 
use  in  ihe  XV-5A  aircraft. 
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2.0  CSONCLUSZONS 


'^Th«  data  provided  in  thla  report  ^indicate  that  the  XV- 5A  aircraft  is  safe 
and  airworthy.  Tills  conclusion  has- -been  substantiated  by  analysis,  ground 
test  and  flight  test. 

The  XV-5A  is  shown  to  be  structurally  sound  and  suitable  for  use  in  a 
flight  test  progran  of  at  least  250  hours.  The  airplane  was  nanufactured 
to  exacting  aircraft  standards  in  choice  and  use  of  naterials,  components 
and  subsystems,  and  was  manufactured  and  tested  with  strict  quality  con¬ 
trol  standards  maintained.  Safety  and  airworthiness  of  the  XV- 5A  VTOL 
aircraft,  using  the  lift  fan  concept,  has  been  demonstrated. 

Performance  predictions  were  substantiated  by  test.  Stalling  speeds  are 
slightly  higher  than  predicted,  but  are  sufficiently  close  to  indicate  correct 
predictions  of  speeds.  Slight  buffet  occurs  as  a  stall  warning,  but  normal 
quick  recovery  results.  Takeoff  and  climb  performance  indicate  safe 
margins  and  stable  flight.  Landing  characteristics  are  normal  in  CTOL. 

VTOL  stability  is  good  at  all  rates  of  descent.  The  aircraft  flies  with 
adequate  control  at  the  boundaries  of  the  predicted  speed- altitude  envelope, 
through  conversion,  and  at  speeds  higher  and  lower  than  conversion  speed. 

Flight  tests  indicate  that  controllability  is  adequate  and  in  agreement  with 
acceptable  standards.  Control  is  satisfactory  in  VTOL  and  CTOL 
throughout  the  flight  envelope,  and  during  ground  roll  and  taxi.  Flutter 
analysis,  and  experimental  ground,  wind  tunnel  and  flight  tests  Indicate 
that  the  aircraft  is  free  of  flutter  within  the  prescribed  flight  envelope. 

Reliability  and  failure  analyses  confirm  that  the  overall  failure  pattern 
followed  the  typical  failure  incidence  curve,  and  that  early  failure  rates 
were  reduced  as  "infant  mortalities".  The  failure  curve  levelled  off 
after  the  fourth  reporting  period.  Tbtal  system  failure  rate  (In  terms  of 
failures  per  hour  of  system  time  as  defined  in  the  report)  reduced  from 
an  initial  value  of  5.3349,  to  between  2.0000  and  2.5000  for  the  later 
reporting  periods  during  the  flight  test  program. 
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3.0  AIRCRAFT  PERFORMANCE 


3.1  PERFORMANCE  SUMMARY 

3.1.1  Stalling  Speeds 

Predicted  stalling  speeds  in  both  the  conversion  configuration  and  the 
conventional  flaps -down  configuration  are  presented  in  Reference  1,  which 
indicates  the  thrust  in  pounds  to  determine  the  power-on  stall  speeds. 
These  data  were  derived  from  wind  tunnel  tests  of  models  simulating  the 
specified  configurations  and  are  presented  in  Figures  1  through  3. 

Flight  tests  obtained  stall  speeds  at  all  conditions.  Results  of  these  tests 
indicate  that  the  estimates  are  close  to  actual  values.  The  indications 
are  based  on  chase  plane  reported  values,  and  are  compared  to  estimated 
values  in  Figure  4. 

Data  obtained  from  the  Ames  full  scale  wind  tunnel  test  facility  inriicato 
that  the  quoted  stall  speeds  are  somewhat  conservative.  The  maximum 
lift  coefficients  and  stall  angles  of  attack  obtained  were  greater  thaw 
those  used  in  the  prediction  of  the  stall  speeds.  This  was  an  expected 
result,  since  the  small  scale  data  were  not  corrected  for  the  benefits  of 
increased  size  of  the  actual  aircraft. 

Comments  concerning  the  controllability  at  and  near  the  stall  condition 
will  be  found  in  Section  3. 2. 4  of  this  report. 

3.1.2  Takeoff  Performance 

Takeoff  performance  is  presented  in  three  modes,  VTOL,  8TOL,  and 
CTOL.  (See  Reference  2  for  complete  performance  predictions). 

VTOL  Mode 

Figure  5  is  a  plot  of  total  trimmed  lift  vs.  altitude  for  standard  and  hot 
atmospheres  and  represents  maximum  available  lift.  Takeoff  weights 
are  obtained  by  dividing  the  quoted  values  by  a  factor  to  allow  for  oontrol 
margin.  A  factor  of  1. 06  allows  a  5  percent  oontrol  margin,  a  factor  of 
1.10  allows  a  10  peroent  margin,  etc. 

These  data  are  based  on  Reference  3.  This  report  preeeitts  the  static 
performance  of  the  lift  and  pitch  fan  systems  as  It  pertains  to  the  XV-6A 
Installation.  Average  wing  and  pitch  fan  performance  based  on 


Fl^htworthinecs  and  Acceptance  Tests  of  the  fans  was  used  in  conjunction 
with  minimum  J-85  gas  generator  performance. 

STOL  Mode 

Figure  6  is  a  plot  of  total  distance  over  a  50~foot  obstacle  at  two  different 
altitudes  for  an  AROC  Standard  Day.  These  results  were  estimated  using 
propulsion  data  based  on  the  abovementioned  General  Electric  memoran¬ 
dum,  and  aircraft  characteristics  derived  from  model  wind  tunnel  tests. 

No  flight  tests  have  been  made  in  which  minimum  takeoff  distances  have 
been  measured.  Fan  mode  takeoffs  and  landings  have  been  made,  but  not 
with  the  object  of  attaining  maximum  performance. 

CTOL  Mode 

Figure  7  is  a  plot  of  total  distance  over  a  50-foot  obstacle  for  the  same 
conditions  as  specified  in  the  STOL  take-off  data.  These  results  were 
estimated  on  minimum  J-8S  gas  generator  performance  adjusted  for 
installation  losses,  and  aircraft  characteristics  derived  from  model  wind 
tunnel  tests. 

No  specific  flight  tests  have  been  made  in  which  takeoff  distances  have 
been  measured.  Flight  test  results  do  Indicate  that  these  predictions  are 
reasonable. 


3.1.3  Climb  Performance 


Figures  8  and  9  present  altitude  vs.  maximum  rate  of  climb,  and  the 
altitude  vs.  velocity  for  maximum  rate  of  climb  for  the  conventional  flight 
configuration. 

Estimated  rates  of  climb  were  derived  from  J-85  gas  generator  minimum 
performance  and  wind  tunnel  test  aircraft  characteristics. 

3.1.4  Landing  Performance 

Figure  10  presents  the  landing  distance  over  a  50  foot  obstacle  in  the 
conventional  flight  mode.  Ground  roll  distance  is  also  presented. 

Ihese  data  were  estimated  from  wind  tunnel  aircraft  characteristics  and 
assume  that  the  thrust  spotters  balance  exactly  1C0%  of  the  Idle  thrust. 


3.1.5  ^ed-Altitude  Envelcye 


Figure  11  presente  the  estimated  q)eed-altitude  envelope  at  four  basic 
weij^ts.  Ibese  data  were  generated  using  minimum  J-85  gas  generator 
performance  and  tunnel  test  derived  aircraft  oharaoterlstios. 

Figure  12  presents  a  comparison  of  the  flight  eiqperienoe  envelope  ci 
Maroh  3,  1965,  with  the  estimated  speed-altitude  envelope  for  toe  10, 000 
pound  gross  wai^t  aircraft  in  the  clean  configuration.  The  nuudmum 
power  line,  labeled  as  102%  RPM,  was  derived  from  the  original  engine 
q)eclfioations.  Ihe  102%  RPM  ai^lies  to  the  present  rerated  engines,  ss 
does  also  the  point  labeled  98%  RPM.  The  req>eotive  power  settings  for 
the  engine  as  originally  rated  are  100%  and  96%.  The  point  labeled  98% 
RPM  (406  KIA8  at  8, 000  ft. ),  n^ien  compared  with  predicted  values  on  toe 
basis  of  equivalent  engine  ratings,  agrees  exactly. 

Figures  13  and  14  show  the  flight  experience  envelopes  in  various  flaps- 
down  oonfigurations  with  landing  gear  extended,  and  one  with  toe  fligM 
up,  gear  extended.  Note  that  the  preoonverslon  configuration  is  one  of 
the  oonfigurations  presented. 

3.1.6  VTOL  Single  Engine  Minimum  -  Recovery  Envelope. 

Ihe  data  of  Figure  IS  were  derived  from  model  wind  tunnel  tests  and 
J-80  gas  generator  minimum  performance.  Ihe  information  presented 
also  was  verified  by  test  pilots  flying  the  Igran  flight  simulator.  Fli|tot 
tost  data  have  been  obtained  in  fan  mode  using  a  two-engine  power  settiigi 
to  simulate  one  engine  at  toll  power. 

3.2  CQNTROLLABnJTy 

Qualitative  flight  test  data  on  a  point  oheok  bnale  verified  the  **»<*»ft*Ti* 
oontrollability  and  stability  limits.  Ihe  taformallon  in  the 

following  paiagraphs  is  baeed  on  the  analyses  of  References  4.  5,  and  6 
as  well  as  on  pertinent  pilot  oommeata. 

9.2.1  VTOL  and  CTOL  OontroUsbUltr 

9.2.1. 1  VTOL 

tovestlgation  of  control  oharaoteristioa  was  oonduoted  on  tbs  l^ran  VTOL 
flight  aimulator,  and  is  reported  la  detaU  by  RMbrenoe  4.  The  fllgM 
simulator  oonsistad  of  a  oodtpit  mookup,  a  visual  disiday  for  6  dsgiees- 
<d-frsedom,  actual  electrical,  meduuUoal,  and  hydraulic  octorol  aystems 
of  the  airplane,  and  the  necessaiy  analog  computer  squlpiiieBt. 
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Quantitative  measurements  of  control  positions  were  obtained  with  poten¬ 
tiometers.  Airplane  forces,  moments,  rates,  positions,  etc. ,  were 
determined  from  the  analog  computer  solution  of  the  equations  of  motion. 
Coolq;»it  control  forces  were  measured  by  means  of  strain  gages. 

Longitudinal  Control 

iUnmralt  pitch  angle  response  and  requirements  for  (me  inch,  and  full 
oentrol  diq)laoements  are  shown  in  Figure  16.  The  condition  is  for  the 
q|)eoifled  piUdi  damping  of  Reference  7  and  for  a  c.  g.  location  at  Station 
248.  The  angular  response  requirements  are  exceeded  for  both  the  one 
inoh  and  full  control  iiq>ut8.  The  available  pitching  moment  from  trim 
fOr  iOli  stick  dieplacements  is  dependent  iq>on  c.g.  position,  since  the 
noae  fan  is  used  for  trim  as  well  as  for  control. 

The  total  pitching  moment  developed  on  the  aircraft  at  zero  angle  of  at¬ 
tack  for  neutral,  full  aft,  and  full  forward  longitudinal  stick  positions  is 
shown,  in  Figure  17.  The  available  pitching  moment  from  trim,  for  c(m- 
trol  in  the  nose  down  direction,  is  minimum  in  the  speed  range  from  40 
to  50  knots  true  airspeed,  although  the  required  10%  of  the  maximum 
attainable  moment  in  hovering  flight  is  exceeded. 

Lat3ral  Control 

Aircraft  response  to  roll  control  inputs  is  shown  in  Figure  18  as  the  roll 
angle  achieved,  after  l/2-86cond  following  the  control  iiq>ut.  Results 
are  shown  for  both  the  basic  aircraft  with  inherent  fan  damping  only,  and 
for  the  required  roll  damping  level  of  -8750  ft.  lb.  /rad.  /seo.  The  angular 
resp<m8e  requirements  are  exceeded  for  both  1  inch  and  full  lateral  stick 
inputs. 

Directional  Control 


Yaw  angular  response  to  rudder  pedal  control  Inputs  is  given  in  Figure 
10  for  the  basic  aircraft  and  for  the  specified  yaw  damping  of  -25, 000 
ft.  lb.  /rad.  /sec.  The  yaw  angle  produced  by  1  inch  rudder  pedal  dis- 
plaoements  with  the  above  damping  is  below  the  required  5. 07*  (by  about 
2*).  The  yaw  angle  obtained  for  full  control  inputs  exceeds  the  require¬ 
ment  by  approximately  5*. 

8.2.1. 2  CTOL 

The  data  presented  are  the  result  of  extensive  analysis  of  small-scale  and 
full-scale  wind  txumel  test  data.  The  analysts  is  reported  in  Reference  5. 
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Longitudinal  Control 


ElevatiMr  efleotlvenaaa  in  pvaaentad  in  Flgurea  20,  21  and  22.  Tte  ap¬ 
plicable  o.g.  rangeand  Ifbdi  number  range  are  noted. 

Lateral  Coutrol 

Aileron  effeotireneaa  and  yawing  monaent  due  to  aileroB  dafleotkai  ohar- 
aoterlatioa  are  preaented  in  Figurea  28  and  84. 

Directional  Control 

Figure  26  preaenta  rudder  etfeotiveneaa  veraua  Maob  number. 

3.2.2  VTOLTrim 


Hovering  lateral  tranalatioiia  to  tbe  left  and  ri^t  at  varhma  RModa  are 
ahown  in  Figurea  26  and  27.  Tbe  maximum  tranalaticnal  apeod  attained 
during  flight  teat  waa  16  knota,  compared  with  35  knota  aa  apaoilied  hf 
Referenoe  1,  and  waa  limited  fay  a  oombinatton  of  the  avallalte  roll  con¬ 
trol  power  and  lateral  R>eed  atability,  whioh  were  alaralalad. 

3.2.8  VTOL  and  CTX)L Stabiltty 

3.2.3.1  VTOL 

Ratio  atability  ia  raportnl  in  detail  in  Bafereaoe  0  for  both  the  fan  nmda 
and  oonventional  fli^t  mode.  Ratio  otabillly  eetimetea  are  baaod  on 
rnMll-ooale  wind  tuanel  data  alone. 

Dynamio  atability  inveatigatlona  are  reported  in  Referenoe  6.  Ibaao 
Inveatigatlona  uaod  the  l^ran  VTOL  fli^  almulator,  which  la  deaoriiad 
ia  Beotian  3. 8.1.1. 

Intimated  langitudinal  atatio  atability  in  the  tranaitVm  ^pood  range  io 
preaented  on  Figure  38.  While  the  abooluto  otabiltly  level  la  not  wall 
defined,  Re  data  Indioato  a  deotabUtaiag  influonoe  duo  to  nooo  tan  opor- 
aiion.  The  alxpleaa  ia  atatioally  atablo  at  Rmnt  oooffioloida  loaa  than 
0.98,  whidi  ia  equivalent  to  a  flight  Rwed  of  upprontinataly  TO  knota. 
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PwMUiio  Loatitudinal 


iMfltudlaal  stick- flmd  doiping  rcqulrcBcnt*  in  tens  of  period  of 
oselllstloa  sad  tlae  to  dsap  ere  shotm  la  Figure  29.  Some  results  ere 
stmsa  of  the  traasieat  respoase  of  the  aircraft  to  vertical  gusts  Imposed 
OB  the  tll^t  slaulstor.  A  loag  perold,  well  damped  oselllstloa  was  ap¬ 
parent  St  40  kaots  flight  speed.  At  very  low  speeds,  the  oscillation  was 
of  slidlar  period  with  nearly  neutral  damping. 

Control  system  adjustability  characteristics  with  respect  to  the  hovering 
loagltadlaal  control  criteria  outlined  In  Reference  7  are  shown  in  Figure  30. 
The  polatln  the  acceptable  aone  corresponds  to  the  damping  level 
specified  in  Reference  7,  and  also  to  the  control  sensitivity  detenined 
from  the  slope  of  the  pltcn  control  power  curve  through  neutral  longitudinal 
stick  position.  The  point  in  the  desirable  sone  at  a  damping- to- inertia 
ratio  of  2.0,  Illustrates  an  arbitrary  change  in  damping  level  obtainable 
from  gain  changes  in  the  stability  augmentation  system.  The  damping 
moment  available  Is  not  Independent  of  control  inputs,  due  to  the 
limited  authority  of  the  stabilisation  system  or,  expressed  another 
way,  the  limiting  pitch  rate  below  vhich  the  damping  moment  is  linear  varies 
Inversely  with  the  damping  level.  For  example,  for  the  damping- to- inertia 
ratio  of  2.0,  the  stabilisation  system  "saturates"  at  a  pitch  rate  of 
approximately  9*/sec. 

Ibr  the  reasons  discussed  above,  the  terminal  pitch  angular  velocity 
Is  undefined.  The  required  pitch  rate  of  20*/sec.  Is  the  saturation  rate 
for  a  damping  level  of  13,700  ft. lb. /rad. /sec. 

Olrectlonal  and  Lateral 


Steady  sideslip  angles  at  various  transition  speeds  shown  in  Figures  31 
through  34,  show  positive  directional  stability  and  dihedral  effect 
for  all  of  the  speeds  investigated.  A  maxlmua  sideslip  angle  of  37* 
was  obtained  at  41  knots  with  less  than  80%  lateral  control,  but  this  angle  is 
well  beyond  the  wind  tunnel  test  data  used  to  define  the  lateral- directional 
stability  characteristics  of  the  aircraft.  Maxlnum  sideslip  angle 
varied  from  16*  at  S3  knots,  to  9*  at  96  knots.  Sideslip  angles  were 
limited  by  roll  control  at  S3  knots  and  by  yaw  control  at  71  and  96  knots. 
Reasonably  linear  variations  of  both  lateral- directional  control 
positions  and  forces  were  obtained  for  all  speeds. 

Lateral  control  system  characteristics  (with  respect  to  the  control  cri¬ 
teria  of  Figure  4  of  Reference  7)  are  shown  In  Figure  3S.  The  slope  of 
the  hovering  roll  acceleration  curve  through  neutral  lateral  stick  gives 
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a  control  power  to  Inertia  ratio  of  .  342,  and  the  specified  damping  level 
of  8750  ft.  lb.  /rad.  /sec.  provides  a  damping -to-inertia  ratio  of  2. 05 
which  falls  within  the  acceptable  zone  of  Figure  35.  A  value  of  damping- 
to-inertia  ratio  of  3. 0  requires  an  increase  in  the  augmented  damping  to 
12, 800  ft.  lb.  /rad.  /sec.  which  is  only  20%  of  the  maximum  stabilization 
system  damping  capability.  At  the  damping  level  of  12, 800  ft.  lb.  /rad.  / 
sec. ,  roll  ratfls  up  to  llVsec.  result  in  linear  damping  moments  with 
roll  rate. 


Control  system  adjustability  in  yaw  requires  adjustable  cockpit  control 
travel  to  provide  variable  control  sensitivity.  Yaw  damping  flexibility 
is  provided  by  the  stabilization  system  as  for  the  pitch  and  roll  axes. 

The  required  rolling  velocity  in  hovering  flight  of  30*^/060.  was  achieved 
with  ai^roximately  80%  lateral  stick  displacement  for  the  lateral  control 
power  simulated.  In  the  case  of  yaw,  assuming  a  maximum  available 
yawing  moment  of  15, 000  ft.  lb. .  a  yawing  velocity  of  50°/sec.  requires 
reducing  the  specified  yaw  damping  of  ->25, 000  ft.  lb.  /rad.  /sec.  by  about 
30%, 

3.  2. 3. 2  CTOL 

Static  stability  is  reported  in  detail  in  Reference  5,  and  is  based  on 
small-scale  wind  tunnel  data.  Dynamic  stability  investigations  utilized  the 
Ryan  VTOL  flight  simulator. 

Static  Longitudinal 

Hie  static  longitudinal  characteristics  are  indicated  in  Figures  36  through 
40.  Hiesc  figures  indicate  that  characteristics  are  satisfactory  at  all 
speeds  up  to  Mach  0. 8.  Neutral  static  stability’  may  be  encountered  above 
Mach  0. 7  at  lift  coefficients  corresponding  to  high  normal  load  factors. 
Deterioration  in  high  speed,  static  longitudinal  stability  with  increasing 
lift  coefficient,  is  gradual,  except  near  Mach  0.8,  where  an  abrupt 
pitch-up  is  anticipated  at  the  higher  attainable  load  factors  at  high  alti¬ 
tude.  Above  Mach  0.8,  the  static  stability  is  unsatisfactory  and  requires 
that  extreme  caution  be  exercised  during  flight  investigations  of  hin^ 
speed  maneuvering  characteristics,  particularly  at  high  altitudes  or 
high  normal  load  factors. 

Dynamic  Longitudinal 

In  the  conventional,  clean  airplane  configuration,  the  longitudinal  short 
period  mode  meets  the  damping  requirements  of  Reference  7  throughout 
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the  fl4^t  envelope  ae  shown  in  Figure  41 .  Hie  natural  frequency  of  the 
short  period  mode  is  less  than  that  required  by  the  specification  at  40, 000 
feet,  and  for  speeds  less  than  M  == .  75  at  30, 000  feet,  M  =  0. 60  at  20, 000 
feet  and  M  =  0. 30  at  sea  level.  While  the  low  natural  frequency  may  be 
undesirable  for  a  fighter-type  aircraft,  this  characteristic,  where  it 
exists,  should  uot  affect  the  utility  of  the  aircraft  for  its  intended  purpose, 
or  require  any  unusual  piloting  techniques. 

Freeing  the  controls  reduces  to  a  slight  degree  the  speed -altitude  range, 
lAerein  the  short  period  requirements  of  Reference  7  are  satisfied  be¬ 
cause  of  a  small  reduction  in  natural  frequency  and  increase  in  damping 
ratio,  as  depicted  in  Figure  42. 

Hie  longitudinal  dynamic  stability  characteristics  in  the  cc  ventional 
flight  landing  configuration  are  satisfactory  for  flight  testing  at  all  flight 
condititMis.  Static  longitudinal  stability  becomes  marginal  at  high  angles 
of  attack,  but  the  flight  characteristics  are  satisfactory,  primarily  due 
to  high  pitch  damping. 

Directional  and  Lateral 


Hie  dutch  roll  characteristics  in  the  conventional  flight  landing  config¬ 
uration  meet  the  requirements  of  Reference  7  at  alt  speeds  above  approx¬ 
imately  120  knots  at  sea  level.  Hie  dutch  roll  damping  is  estimated  to 
be  only  slightly  less  Uian  the  requirement  between  95  and  120  knots. 

Hiese  characteristics  are  indicated  in  Figure  43. 

Hie  characteristics  of  the  lateral -directional  oscillation,  or  dutch  roll 
mode,  in  the  clean  airplane  oonfiguraticMi.  as  indicated  in  Figure  44,  meet 
the  requirements  of  Reference  7  at  alt  speeds  from  15%  above  the  stall 
speed,  to  Mach  0.8  at  altitudes  below  about  25,000  feet.  At  altitudes 
from  25, 000  to  40, 000  feet,  the  requirements  arc  satisfied  for  speeds 
above  approximately  Mach  0, 7.  At  speeds  below  about  Mach  0.6,  and 
at  attitudes  above  25, 000  feet,  the  relative  magnitude  of  the  rolling 
motion  to  sideslipping  in  the  dutch  roll  mode  increases  with  little  change 
in  damping  as  a  result  of  increasing  dihedral  effect  at  high  angles  of 
attack.  Htis  characteristic  is  common  at  high  altitude  and  low  speed  for 
aircraft  without  artificial  damping,  and  is  not  expected  to  affect  the  util¬ 
ity  of  the  aircraft  for  research  purposes. 

Aeroelastic  and  controls-free  considerations  had  no  significant  effect  on 
the  dutch  roll  characteristics  for  apy  of  the  flight  conditions  Investigated. 
Hits  is  shown  in  Figures  45  and  46. 


The  static  and  dynamic  stability  characteristics  above  Mach  0. 8  up  to  the 
structural  speed  limit  of  Mach  0. 9  are  unsatisfactory,  due  to  rising  static 
longitudinal  instability,  rapid  loss  in  pitch  damping  and  rapid  loss  of 
control  power  about  all  three  axes. 

Pitch>yaw  coupling  may  result  in  exceeding  the  vertical  and  lateral  limit 
load  factors  during  rapid,  360  degree  rolling  maneuvers  at  high  speeds 
with  rudder  and  elevator  fixed.  Prolonged  rolling  maneuvers  with 
lateral  control  displacements  up  to  one-half  of  full  throw  at  dynamic 
pressures  less  than  250  to  300  pounds  per  square  foot  produce  only  small 
variations  in  load  factor.  The  effects  of  pitch-yaw  coupling  at  all  flight 
conditions  have  not  been  investigated  at  the  present  time. 

3.2.4  Stalls 

Prom  comments  of  pilots,  it  appears  that  there  are  no  adverse  stall 
characteristics.  Stalls  in  straight,  climbing  and  turning  flight  ail  ex¬ 
hibit  the  same  characteristics.  A  dropping  of  the  right  wing  at  the  stall 
is  encountered,  and  recovery  is  normal.  A  light  buffeting  is  encountered 
prior  to  the  stall,  which  gives  adequate  warning. 

3.2.5  Spinning 

ginning  characteristics  have  not  been  invostigateil. 

.'1.2.6  Ground  Handling 

Taxi  ctmtrol  information  consists  of  pilot  comments  both  during  and  after 
flight.  In  general,  the  pilot  re|K)rlcd  cHcellcnt  stability  during  both  high 
and  lo*'/  speed  ta.\i  runs.  The  stiff  nose  wheel  damping  produced  good 
longilndinal  stability  and  the  pilot  reiwrtcd  no  divergent  directitHial 
oscillatory  motions. 

SU...e  there  is  no  nost*  wheel  steering,  the  aircraft  required  mom  than 
average  differential  braking  for  m.incuverability.  Cautitm  is  required 
in  using  the  brakes,  as  the  airplaia  could  qiln  on  otte  main  wheel 
Excessive  broking  can  cause  overheating  and  brake  fade  if  maximum 
continuous  braking  is  cmplo)'cd  to  come  to  a  full  stop  from  80  knots. 

Such  a  procedure  will  necessitate  rephscemeni  of  brake  discs. 

Most  fade  and  overheat  problems  were  due  to  residual  thrust  produced 
by  the  engines  at  idle  power  actirg  against  the  brakes,  flesktual  thrust 
in  the  klle  ftower  position  con  propel  »Jie  airplane  at  ground  sfieeds  to 
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50  knots  in  a  no-wind,  no-brakes  situation.  Brake  effectiveness  was 
considered  marginal,  but  satisfactory  In  terms  of  the  Intended  use  of 
the  aircraft  (l.e. ,  essentially  a  prototype  vertical  flight  research 
vehicle). 

ITirust  spoiler  use  to  aid  in  decelerating  the  vehicle  after  hmding  or 
high  speed  taxi  was  Initiated  about  half-way  through  the  test  program. 

'Ihe  pilot  reported  excellent  results;  the  airplane  was  easier  to  slow 
down,  and  the  brakes  remained  much  cooler.  It  is  recommended  that 
the  spoiler  4  be  used  on  any  long  or  high  speed  taxi  runs  to  avoid  rapid 
deterioration  of  the  brake  discs.  The  best  procedure  is  intermittent 
operation  of  the  spoilers  to  control  desired  maneuvering  speed,  with 
the  brakes  applied  only  as  necessary. 

Cross-wind  taxi  control  was  reported  as  satisfactory  but  with  a  weather- 
cocking  tendency.  This  tendency  was  more  severe  with  the  landing  gear 
In  the  VTOL  position,  but  was  not  uncontrollab;e,  even  in  a  20  knot 
cross-wind.  Straight  and  level  traverse  was  accomplished  in  a  cross- 
wind  by  intermittent  application  of  brakes  and  the  use  of  rudder  controls. 
Rudder  deflection  alone  was  sufficient  to  maintain  directional  control  at 
speeds  as  low  as  20  knots. 
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Fipire  1  Stall  Speed  vs  Gross  Weight  Conversion  Configuration 


NOTE;  POWER  ON  SPEEDS  USE  THRUST  FOR 
EQUILIBRIUM  FLIGHT  AT  1.  2 

'^STALL  POWER  OFF 


Figure  2  SUll  Speed  ve  Grose  Weight,  Flap  46“ ,  Ailerons  15“ ,  Gear  Down 
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2500  FT.  HOT-DAY 
CG  d  246  IN. 


Figure  4  Flight  Test  and  Eettmatad  StaU  Speada,  CTOL 


GAS  GENERATOR  NOSE  FAN  BLEED  -  12.3  PERCENT 
ZERO  FORWARD  VELOCITY 
CENTER  OF  GRAVITY  -  STA.  243.7 
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Figure  5  Total  Trlmmod  Lift  va  Altitude 
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100%  RPM  OR  TEMPERATURE  LIMITED 
ARDC  STANDARD  DAY 


NOTE: 

BELOW  10.000  FT.  ENGINES  AT  100%  RPM. 
ABOVE  10,000  FT.,  ENGINES  ARE 
TEMPERATURE  UMITED. 


ISOOO 


-J 

14000 


MAXIMUM  RATE  OF  CUMB.  FEET/MINUTE 


Figure  8  Altitude  va  Maximum  Rxte  of  Climb 
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ALTITUDE.  1000  FEET 


100%  RPM  OR  TEMPERATURE  LIMITED 
ARDC  STANDARD  DAY 


NOTE: 

BELOW  10.000  FT.  ENGINES  AT  100%  RPM. 
ABOVE  10.000  FT.,  ENGINES  ARE 
TEMPERATURE  UMITED. 


Figure  9  Altitude  v«  Velocity  for  Maximum  Rate  of  Climb 
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Figure  12  Flight  Experience  Envelope  end  Predicted  Speed>AlUtude  Envelope 
Cloen  Configuration 


a« 


mumiuE  AtTTTVDC  >  rcrr  absvc  ica  uevcl  -  tooo  feet 


ALTITUDE  -  FEE! 


PITCHING  MOMENT  -  FT.  LB.  x  10 


I 

I 

I 

I 


I 

» 


LONGITUDINAL 


Figure  17  Total  Pitching  Moment 


RESPONSE  TO  ROLL  INPUTS 


WEIGHT  =  9200  LBS. .  I  =  4254  SLUG  FT^ 
MID  COLLECTIVE  UF'f 


O  SPEC.  DAMPING  -  8750  FT.  -  LBS. 

RAD/SEC 

A  BASIC  A/C 


IFT  RIGHT 

LATERAL  STICK  DISPLACEMENT  -  INCHES 


Figure  18  Roll  Angle  va  Lelerel  Stick  DiepUcemept 
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L  MOIDOATA 
a.  c.Q.  tfw.L.  iia.0 

а.  STABILITY  AXES 

4.  POMTIVCAILEftONDCrLECnOltltTfUIUNOEDOEOOBrN 

б.  ESTIMATED  SrEECT  Of  AfLEBON  TAB  INCLUDED 
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Figure  23  Rolling  Moment  Coefficient  Due  to  Aileron  Deflection 


LOW  SPEED 


NOTEi  1.  MQIO  DATA 

a.  C.O.  HP.S.  MS.S 


a.  BTABIUTY  AXES 

4.  PCMITIVB  AILEBON  DEPLBCnON 
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Figure  24  Yawing  Moment  Coefficient  Due  to  Aileron  Deflection 
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Figure  25  Yawing  Moment  Coefficient  Due  to  Rudder  Deflection  > 
High  Speed 
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Figure  28  Estimated  Longitudinal  Static  Stability  in  Transition  Speed  Rnnge 


Figure  29  Longitudinal  Damping  Requirements 


V  15, 139  SLUG-FT^ 

•  15  (ly)-  ^  =  12,700  FT- LB/RAD/SEC  (SPECIFIED  DAMPING) 

Am^=  2  ly  (ADJUSTABLE  DAMPING) 


DESIRABLE 
ACCEPTABLE 
MIN.  ACCEPTABLE 

marginal 
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Figure  30  ConArol  Syatem  AdapCabUtty  CUaractortaUca 


BANK  -  DEGREE 


Figure  32  Steady  State  Sidealipa 


RUDDER  PC^TION  DEGREES  FORCE 


RYAN  294-69- 


RUDDER  POanON  -  6  -  DEGREES 


ROLL  DAMPING  RAP/SEC 
INERTIA  ’  SLUG-FT' 


Ix  =  4,  252  SLUG-FT^ 

•  L^=  25  (y'^  =  8,750  FT-LB/RAD/SEC  (SPECIFIED  DAMPING) 
Al^-=  3  I^=  12,800  FT-LB/RAD/SEC  (ADJUSTABLE  DAMPING) 


INERTIA  ’  SLUG-FT2 


Figure  35  Lateral  Control  System  Characteristics 
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XV-5A  ESTIMATED  STABILITY  LIMITS 
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Figure  38  Static  Longitudinal  Characteristics 
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Figure  39  Static  Longitudinal  Characteristics 
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Figure  40  Static  Longitudinal  Characteristics 
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Figure  41  Longitudinal  Dynamic  Stability  -  Short  Period  Mode 
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Figure  42  Effect  of  Acroelasticity  and  Free  Elevator  on  Longitudinal  Short  Period 
Dynamic  Stability 
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Figure  43  Leteret  Directional  Dynamic  Stability  -  Oacillatory  Mode 
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Figure  45  Effect  of  AeroclaMicity  and  Free  Rudder  o«  Lateral-Direction  Dynamic- 
Stability  -  Oacillatory  Mode 
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Figure  46  Effect  of  Aeroelastlolty  and  Free  Ailerons  on  Lateral  -Directional 
Dynamic  Stability  -  Oscillatory  Mode 
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3.3 


FLUTTER  /JfD  VTORATION 

Hie  flutter  and  vibration  support  for  the  XV-5A  aircraft  design  was 
organized  so  that  optimum  evaluation  of  the  basic  design  could  be  effected 
through  careful  merging  of  theoretical  analyses  and  eiqperimental  ground 
tests,  prior  to  the  final  flight  vibraticm  tests  for  envelope  expanskm. 

3.3.1  General 

Sipport  in  the  area  of  flutter  and  vibration  was  provided  concurrently 
with  design,  manufacture  and  flight  testing  of  the  aircraft.  Tlieoretioal 
analyses  of  a  preliminary  nature  initially  provided  the  best  results  due 
to  the  ease  with  which  aircraft  design  changes  could  be  incorporated. 

Next,  as  the  design  was  set,  a  wind  tunnel  model  of  the  wing  provided 
good  evaluation  of  the  design  and  also  provided  checks  on  the  prelim¬ 
inary  analyses.  Final  checks  were  provided  by  utilizing  eiqperimental 
results  of  ground  tests  in  anal3rtical  investigations.  In  tiiis  way,  Insight 
was  gained  in  the  structural  dynamic  behavior  of  the  aircraft,  and  pro¬ 
vided  a  measure  of  confidence  during  final  fli^t  flutter  testing. 

3.3.2  Conclusions 

Ihe  overall  flutter  analysis  and  experimental  phases,  both  ground  and 
flight  tests  of  the  XV-SA  aircraft,  have  indicated  that  the  aircraft  is 
free  of  flutter  within  the  prescribed  flif^t  envelope,  bitial  static  and 
dynamic  tests  of  the  empennage  indicated  a  low  horizontal  stabiliser 
pitching  frequency,  vdiloh,  udwn  oompared  to  theoretical  oaloulations, 
indi<»ted  that  a  potential  fltttter  problem  existed.  Subsequent  equivalent 
pitch  restraint  and  dynamio  tests  Indicated  a  flutter  speed,  based  upon 
the  initial  oaloulations,  to  be  above  the  limit  dive  of  the  flight 
envelcHie.  Further  oaloulaticms,  based  vpaa  experimental  shake  test 
modes  of  the  modified  structure  (after  structund  ohanges  to  the  hori  - 
sontal  stabiliser  pitch  restraint),  mipported  the  earlier  oobdIusIqbs. 

3.3.3  Criteria 

The  requirement  of  the  flutter  and  vibration  program  was  to  determine 
adequately  that  the  XV-OA  airoraft  was  free  of  any  flutter  Inetkblltty 
within  the  design  flight  envelope.  Flutter  auucfins  were  qiplied  oorres- 
pondlng  to  IIIL-A-68T0,  "Airplane  Btrengfli  and  Rigidtty,  Vibraikm, 
nutter  and  Divergenoe",  dated  18  May  1980. 


S.8.4. 


Analytical  Inveatigatlons 


Ihe  analytical  portkm  of  the  flutter  and  vibration  program  waa  in  three 
parts.  Each  analysis  could  be  achieved  Independently  without  altering 
tile  Anal  analysis  of  the  aircraft  as  a  whole.  Hie  wing,  empennage  and 
finitily,  control  surfaces  were  treated  separately,  but  final  results  did 
not  affect  tiie  flutter  characteristics  of  the  aircraft  as  a  whole.  Flutter 
analyBes  were  restricted  to  the  conventional  flight  mode. 

3. 3. 4.1  Wing 

Hie  wing  preliminaxy  flutter  analysis  was  performed  on  a  passive  analog 
computer  witii  the  aid  of  Computer  Engineering  Associates,  Pasadena, 
California.  Results  of  this  investigation  are  presented  in  Reference  8, 
and  tiie  results  indicate  that  the  XV-5A  wing  Is  free  of  flutter  within  the 
specified  flight  envelope.  Hie  study  was  exhaustive  in  variations  of  wing 
bending  material,  aileron  mass-balance,  aileron  spring  restraint,  air¬ 
craft  simulation  effects  (fuselage  and/or  aircraft  degrees  of  freedom) 
and  the  wing  leading  edge  box  stlffiiesses  which  were  evaluated  from  a 
flutter  standpoint. 

3. 3. 4. 2  Empennage 

Hie  empennage  analysis  covered  several  phases  continuing  ig>  to  the 
actual  flifldtt  testing  of  the  aircraft.  Hie  analysis  was  aided  by  a  Ryan 
digital  computer  program  which  incorporated  both  calculated  and  ex¬ 
perimental  vibrati<m  modes.  Initial  Investigations  showed  a  low  em¬ 
pennage  flutter  speed  in  the  anti-symmeiric  sense.  Subsequent  studies 
of  the  torsional  stiffiiess  distribution  of  the  vertical  stabilizer  indicated 
the  need  for  increased  stiffliess,  which  was  incorporated  into  the  design, 
hi  addition,  aymmetrical  analysis  indicated  a  need  for  increased  pitch 
stiftlness  of  the  horizontal  stabilizer.  Hiis  was  done  while  the  aircraft 
was  at  EAFB.  Final  theoretical  analysis  of  the  empennage,  utilising 
eiqperimentally-determined  modes  shapes,  showed  satisfactory  results 
throughout  the  design  flight  envelope.  Reference  3  details  the  complete 
analytical  investigations  of  the  empennage. 

3. 3.4. 3  Control  flurfaces 

Preliminaiy  analysis  of  the  oontrol  surfaces  was  restricted  to  tiie  basic 
oottirtti  surfaces  except  for  the  longitudinal  system,  flight  or  trim  tab  if 
appropriate  to  the  qratem,  and  to  the  control  oirouit  with  the  cockpit 
controls.  TTwo-dimenslonal  aerodynamic  theory  with  corrections  for 
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die  internal  aerodynamic  balance  were  uaed  tbrougbout  tbe  analyaia. 
Results  of  the  preliminary  analysis  indicated  possible  flutter  regiona 
within  the  flicd^t  envelope  for  certain  values  of  the  aileron  uncoupled 
rigid  body  frequency,  for  a  given  aileron  flight  tab  restraint  (control 
circuit),  and  for  an  uncoiqiled  rigid  body  rudder  trim  tab  rotational 
frequency  of  leas  than  SO  ops.  Subsequent  analysis,  based  iqwn  exper* 
imentally-dete  rmined  mass  properties  and  control  surface  -  control 
circuit  frequencies  indicated  a  flutter^ree  system  widiin  tiie  design 
envelope  of  the  aircraft.  Reference  10  presents,  in  detail,  tlw  above 
analysis. 


3. 3. 5  Experimental  Ihvestigationa 


The  experimental  investigations,  required  to  carry  the  flutter  and 
vibration  program  of  the  XV-SA  aircraft  through  to  completion,  included 
wind-tunnel  testing  of  a  high  speed  model  of  die  wii^  with  appropriate 
fuselage  constraints  and  freedoms.  Static  and  dynamic  teata  were  alao 
performed  on  a  Jig-mounted  horizontal  stabilizer.  Full-eoale  ground 
vibration  tests  of  the  complete  aircraft  were  made,  and  finally,  in-flight 
vibration  (flutter)  teats  were  acoonqiliBhed. 

3.3. 5.1  Wind  Tunnel  Tests 

Wind  tunnel  testing  of  a  flutter  model  was  confined  to  die  wii^  only,  and 
in  die  conventional  mode.  The  wing  simulation  followed  the  final  actual 
wing  ocNistruotion  of  two-spars,  anu  also  simulated  fan  mass  and  inertia. 
Fuselage  effects  were  included  so  that  fuselage  and/or  aircraft  degrees 
of  freedom  could  be  represented.  AUeitms  and  fli^  taba  of  the  model 
were  based  upon  analysis,  and  these  oomponents  partio4>ated  in  the 
flutter  mode  of  the  wing  tests.  Results  of  diis  experimental  program 
indicated  that  the  wing  is  free  of  flutter  within  the  deeign  mvelope  of 
the  aircraft.  Adequate  stiflbess  restraint  is  importaid  since  flutter 
oharaoteristioa  were  altered  by  variation  of  this  parameter.  The 
aileron  differed  from  that  analysed  in  the  preliminary  analysie 
3. 3. 4. 1)  in  diat  no  mass-balanoe  was  included  in  the  flutter  model,  due 
to  a  ohuge  to  a  powered  system  with  flii^t  tab  from  dm  initial 
system.  Reference  11  depicts  die  aspects  this  phase  of  the  flutter 
investigations. 

3.3.S.3  Static  and  Dynamic  Ground  Thsts 


Initial  ground  tests  were  rsstrictsd  to  die  horlaontal  irtshflissr  in  an 
effort  to  detsnahw  the  equivalent  pitch  spring.  Evaluation  of  dis  results 
indicated  a  low  spring  rate,  and  when  oomparsd  to  ths  results  of  the 


preliminary  analysis  (Section  3. 3.4. 2),  indicated  a  low  flutter  speed. 
Hie  next  series  of  tests  encompassed  the  complete  aircraft  in  which 
aircraft  mode  shapes  and  frequencies  were  determined.  In  addition, 
component  (control  surfaces,  flaps,  fan  doors,  etc.)  modal  character¬ 
istics  were  determined.  Upon  stiffening  of  the  horizontal  stabilizer 
pitch  restraint  (as  mentioned  in  Section  .3. 3.2)  a  second  ground  shake 
test  was  conducted  at  EAFB  to  evaluate  these  effects.  These  tests, 
covering  both  techniques  and  results,  are  discussed  in  Reference  12. 

3. 3. 5. 3  Flight  Teste 


Expansion  of  the  flight  envelope  called  for  in  the  Phase  I  Tight  testing 
of  the  XV-6A  aircraft  resulted  in  a  series  of  flights  which  evaluated  the 
sub-critical  response  of  the  aircraft  to  external  disturbances.  The  air¬ 
craft  was  excited  by  applying  sharp  control  inputs  In  the  appropriate 
axis,  with  the  response  being  picked  up  by  accelerometers.  Selected 
signals,  in  turn,  were  telemetered  to  a  ground  station,  where  immed¬ 
iate  evaluation  of  the  overall  damping  was  made.  Between  flights, 
magnetic  tapes  containing  the  leaponsc  signals  were  partially  analyzed 
for  a  more  detailed  analysis  of  the  response.  In  all,  fourteen  test 
points  were  flown  with  the  entire  flight  envelope  showing  satisfactory 
damping.  Reference  16  presents  the  complete  results  of  this  phase  of 
the  experimental  investigation  of  the  XV-5A  aircraft. 
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4.0  STRENGTH  REQUIREMENTS  AND  COMPLIANCE 


4.1  GENERAL 

Strength  requirements  of  the  XV-5A  airframe  were  specified  in  the  Struo- 
tural  Design  Criteria  Report  (Reference  17),  submitted  early  in  the 
program,  and  accepted  as  the  official  specification  for  all  loading 
conditions  and  stress  analyses.  Although  the  MIL>A>8860  series  spec¬ 
ification  served  as  a  guide  for  this  criteria,  it  was  not  followed  exactly 
because  of  the  special  Intended  use  of  the  airplane,  and  because  it  was 
agreed  that  a  VTOL  airplane  Intended  for  test  and  evaluation  under  Ideal 
conditions  should  not  be  subject  to  the  stringent  military  aircraft  require¬ 
ments  capable  of  meeting  broad  handling  and  flight  boundaries.  In 
establishing  the  strength  criteria,  some  of  the  provisions  in  the  MIL 
specifications  were  omitted,  some  were  simplified,  and  some  were 
extended  to  cover  unique  characteristics,  such  as  hovering  flight,  transi¬ 
tion  flight,  and  vertical  landings. 

An  Intended  service  life  of  250  hours  was  speclficed.  This  life  require¬ 
ment  meant  that  fatigue  problems  would  be  relatively  minor,  and  also 
that  the  probability  of  inadvertent  loads  would  be  lower  than  those  for 
operational  aircraft.  Other  Items  concerned  with  structural  integrity 
were  similar  to  conventional  aircraft.  Including  a  1.5  factor  of  safety 
and  the  usual  specifications  for  allowables,  deformations,  vlbrafioDS, 
and  thermal  effects. 

Loads  were  calculated  In  accordance  with  the  structural  design  criteria, 
and  a  summary  of  design  load  together  with  methods  of  calculation,  man¬ 
euvering  time  histories,  aeroelastlc  characteristics,  etc.  were  recorded 
in  the  Loads  Report  (Reference  18).  Wind  tunnel  model  data  were  used 
in  the  development  of  aerodynamic  loiuls,  and  the  balance  of  these  with 
inertia  was  dependent  upon  extensive  use  of  digital  computer  programs 
(IBM  704).  The  calculation  of  ground  loads  was  based  on  MIL-A-8862. 

A  summary  of  ground  loads,  plus  internal  landing-gear  loads,  may  be 
found  In  Reference  19.  Both  static  tests  and  structural  analysis  were 
used  as  a  proof  of  adequate  structural  strength  for  these  loads.  Prior  to 
the  development  of  a  static  test  program  (Reference  20),  sufficient  pre¬ 
liminary  structural  anatysls  determined  which  load  ocmdltlons  would  be 
critical  for  the  major  structural  items.  The  detailed  static  test  proce¬ 
dures  are  described  in  Reference  21.  The  tests  were  satisfactory  and 
the  results  are  recorded  in  Reference  22.  Structural  analysis  reports 
(References  26  through  35)  constitute  proof  of  the  structure.  The 
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publication  of  these  reports,  which  are  mainly  summaries  of  critical 
aniilyses,  followed  lengthy  analyses  which  continued  throughout  the 
design  phase. 

Since  the  static  proof  test  program  was  conducted  successfully,  and 
positive  margins  of  safety  were  found  for  all  critical  loads,  it  is  con¬ 
cluded  that  the  XV-5A  airplane  is  structurally  flightworthy. 

The  XV- 5A  program  did  not  provide  complete  structural  flight  testing  or 
flight  load  survey.  However,  operational  limits  beyond  those  required 
for  normal  mission  performance  were  specified:  and  these  limits, 
including  envelopes  for  speed-altitude  and  speed-load  factor  (V-n),  were 
approp/^hed  during  the  Phase  I  flight  testing  without  any  structural,  or 
other  difficulty. 

A  few  of  the  more  noteworthy  speed-load  factor  points  were  taken  from 
the  flight  test  data  and  superimposed  on  the  maneuvering  envelope  -  gust 
diagram  (Figure  47).  Note  that  the  maximum  normal  load  factor  experi¬ 
enced  in  Phase  I  was  approximately  80%  of  the  4. 0  maximum  design 
limit  load  factor,  based  on  a  9200  pound  basic  design  gross  weight.  This 
point,  and  the  others  (particularly  those  close  to  the  more  critical  upper 
part  of  the  operational  or  desired  envelope)  are  added  evidence  of  air¬ 
frame  airworthiness. 

4.2  FLIGHT  LOADS 


The  following  is  a  discussion  of  the  load  conditions  considered,  methods 
used  in  calculating  loads,  methods  used  in  the  stress  analyses,  and  the 
particular  proof  tests  coiuluctcd. 

The  structural  design  flight  loading  conditions  (Reference  17)  were 
defined  to  provide  adequate  limitations  within  which  required  maneuvers 
con  be  performed  with  the  XV-5A.  The  analysis  of  these  loading  condi¬ 
tions  consisted  of  evaluating  them  within  specific  speed,  altitude,  weight 
ande.g.  restraints.  This  required  Investigation  of  aerodynamic,  pro¬ 
pulsive  and  inertia  forces  and  their  effect  iqion  the  loading  of  the  various 
airplane  components. 

For  some  conditions,  the  total  design  load  on  the  airplane  was  directly 
established  by  the  structural  criteria.  For  others,  it  was  necessary  to 
analyse  the  specific  maneuvers  to  determine  the  design  loads  which 
occur  during  the  dynamic  motions  of  the  maneuvers. 
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Wind  tunnel  test  data  (References  23  through  '*5)  were  utilized  extensively 
throughout  the  analysis,  together  with  calculated  and/or  actual  distribu¬ 
tions  of  aircraft  weight.  A  basic  design  gross  weight  of  9200  pounds  was 
used  throughout  the  analysis.  For  higher  gross  weights,  adequate  struc¬ 
tural  Integnrity  was  assumed  when,  in  accordance  with  the  design  criteria, 
a  constant  product  of  load  factor  and  weight  (flW)  is  maintained. 

4.2,1  Symmetrical  Flight  Conditions 

Because  of  the  unique  capabilities  of  the  XV-5A,  investigation  of 
symmetrical  flight  maneuvers  included  not  only  conventional  flight,  but 
also  the  fan-flight  conditions  of  hovering  and  transition.  The  design 
symmetrical  maneuvers  are  completely  defined  (Reference  17)  in  terms 
of  angular-and-llnear  rates-and-accelerations.  The  gust  conditions  are 
defined  in  terms  of  a  gust  environment  at  various  speeds. 

The  aircraft  has  been  designed  to  sustain  the  loads  produced  by  maximum 
fan  lift,  induced  gyroscopic  forces  and  attitude  control  capability  at 
speeds  of  -10  to  125  knots,  and  at  load  factors  up  to  1.3  g's.  Angular 
rates  and  accelerations  based  upon  the  maximum  control  system  capabil¬ 
ities  were  combined  with  the  vertical  load  fhetor  to  provide  critical  fan- 
flight  loading  conditions. 

Conventional  flight  conditions  have  been  Investigated  to  speeds  of  600 
knots  at  sea  level.  The  airplane  has  b''en  designed  to  load  factors  of 
+4, 0  to  -2. 0  with  and  without  the  effects  of  angular  acceleration.  The 
angular  velocities  and  rates  appropriate  to  various  combinations  com¬ 
binations  of  velocity,  altitude  and  load  factor  are  shown  in  detail  in 
Figure  7  of  Reference  17.  A  system  of  equations  was  derived  and  solved 
in  order  to  place  the  airplane  in  equilibrium  for  the  various  design^  condi¬ 
tions.  and  to  determine  the  division  of  load  between  the  wing,  body  and 
tail. 

Design  gust  velocities  of  up  to  24  ft/sec  at  all  permissible  aircraft 
speeds  (up  to  and  gust  velocities  of  up  to  40  ft/sec  at  aircraft  speeds 
below  418  knots  (Vjj)  were  considered.  The  maximum  calculated  gust 
load  factor  of  3. 6  occurred  at  sea  level,  as  a  result  of  the  40  It/sec 
design  gust  at  418  knots. 

4.2.2  Flaps- Extended  Flight  Conditions 

Conventional  flaps-extended  flight  conditions  :u*e  identical  In  presenta¬ 
tion  to  conventional  flaps-up  flight.  The  desit^  synunetrlcal  ccmditlons 
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ar«  omnplit*^  apeoifltfd  la  tonaa  of  tho  nuudmita  daalfa  load  Awlor  «k 
2. 0  maximum  daalga  apead  of  190  kaota.  aad  vahiea  of  frttohtag 
aad-aocolarattoa  at  varioua  cmabtaatlona  of  load  tuHon  and  raktettgr. 
The  fU^  aofrelope  tor  Sapa-down  fU^  la  praaantad  la  Figure  ?.  0  cd 
Refereaoe  17. 


4.2.3 


CoadltioBa 


Uoayaunetrioal  flight  coadltlona  are  deflaed  (Refereaoe  17)  la  teraia  of 
lateral  guat  velocltlea  aod  of  pilot  loroea  applied  to  the  lateral  nad 
directioaal  coatrola.  Aa  oppoaed  to  the  aymmetrioal  flight  oaadllloDa  for 
which  maaeuvera  were  complete^  deflaed  la  tenaa  of  load  footmr.  ai^pilar 
acceleratloB,  etc. .  the  uaajrmmetrloal  atruotural  deaiipi  aumeuvera  re¬ 
quired  aaalyaia  of  the  airplaae  motloo  from  the  ^peoiCed  pilot  foroe 
applied  to  the  ooBtrola.  The  reaultlBg  motlooa  were  tlum  aoalpaed  for 
peak  atruotural  loada. 


Two  typea  of  rolling  maaewrera  were  ooaaidered.  hi  the  flrat  type,  the 
atea^y-atate  roll  reauRlag  from  a  60  pound  pilot  foroe  on  tha  allmroa 
oontndlaoombiaedwtthavmrtlealloadfootorofl.O.  Theraddar 
rwaaiaa  aaidral  throughout  the  Biaaearer.  A  aeoond  type  of  maaourer 
haa  been  called  tha  roUlag-puU-out.  The  alridaBe  la  lattially  la  a 
ooBotant-altltiide  turn  at  a  bank  aagle  ooMameaaurate  with  the  partloular 
vertioal  load  foetmr  (1. 0  to  i.  5).  The  maaeurer  la  execmad  by  appttea- 
tioa  of  a  00  pouari  furoe  to  the  lateral  aootrol  qyatem  to  aot  more  than 
0. 1  aeooad.  Thia  force  la  malatolaad  until  the  airfdaae  haa  ndlad  out  of 
tha  tom  through  an  angle  equal  to  twioo  the  iaittol  baak  aagle.  Tha  roll 
la  then  oheoUd  by  hdl  revtraal  of  tiw  ooatrol  foroe. 


Rudder  laduoed  yawtog  maaenrera  have  brae  toreattgated  by  ooaaldarli« 
four  oontttUoaa  toirtog  tha  bnaaeiarer:  (i)  au  abrupt  rudder  didtootloa. 

(2)  the  ^raamio  overawtog,  (3)  the  ateaf^-atato  atdaaUp,  wd  (4)  aa  ahr^ 
ratom  of  the  rudder  to  aeutral  from  tho  ateadr-atatealdeatlp.  Atapeadto 
up  to  280. 610010.  (.6Vgat8.L.).  the  mdder  dulleetioe  to  that  whtoh 
reeulta  from  a  3(i0  pound  pilot  force.  At  greater  apaada.  a  tOO  po«d 
force  waa  aaaamad. 


fiaaiga  lataral  gnat  ooadithma  are  Idatoioal  to  the  rertioal  guat  **«**«irfif 
offlaottoad.O. 


4.3 


WING  LOADS 


Critical  wiog  loads  occur  as  a  result  of  symmetrical  and  unsymmetrical 
flight  conditions.  Symmetrical  maneuvers  are  characterized  aircraft 
loadings  produced  hy  displacement  of  the  cockpit  longitudinal  control  to 
attain  a  pre-established  vertical  load  factor.  Since  the  dynamic  state  of 
the  airplane  was  defined,  it  was  then  necessary  to  place  the  applied  force 
in  equilibrium  with  inertia  forces  and  parametrically  evaluate  the  effects 
of  speed,  altitude,  c.g. ,  power,  etc.  Therefore,  to  place  the  airplane 
in  equilibrium  and  to  determine  the  primary  subdivision  of  loading 
b^een  wing,  bo<fy  and  tail,  a  system  of  equations  was  derived  to 
determine: 

1.  Trim  angle  of  attack  for  unaccelerated  level  flight  assuming  zero 
elevator  deflection  with  trim  achieved  by  tail  Incidence. 

2.  Equilibrium  angle  of  attack  which  produces  specific  linear  and 
angular  accelerations  and  angular  rates. 

3.  Subdivision  of  loading  among  the  primary  aircraft  components. 

The  equations  are  discussed  in  detail  on  Page  7  of  Reference  18, 

To  facilitate  solution  of  the  equations  and  thereby  aflord  broad  parameter 
investigations,  a  digital  computer  was  employed.  Although  the  equations 
were  developed  on  the  basis  of  a  stability-axis  system  which  assumes  a 
negligible  variance  from  an  ideal  body  axis  system,  artificial  derivatives 
were  utilized  to  provide  realistic  solutions  for  the  high-speed  stall 
conditions.  Iterative  calculations  were  required  for  the  solution  of  the 
high-speed  stall  conditions  because  of  nonlinear  aeroclynamic  derivatives. 
Aerod3mamic  of  1  25  times  the  static  value  was  considered  for  the 

high-speed  stall  conditions. 

For  most  of  the  calculations,  a  rigid  airframe  was  assumed.  However, 
for  selected  critical  symmetrical  flight  conditions,  the  efrects  of  an 
elastic  wing  were  also  investigated.  No  appreciable  change  in  loads 
resulted  from  the  Investigation. 

The  maximum  calculated  wing  lift  of  33,476  pounds  results  from  a  high¬ 
speed  4.  Og  maneuver  with  flaps  up.  The  maximum  wing  load  with  flaps 
down  was  calculated  to  be  19, 820  pounds.  A  summary  of  wing  loads  for 
numerous  selected  symmetrical  flight  conditions  is  presented  in  Table 
4. 1  of  Reference  18. 


Crldcal  unsymmetrical  wing  loads  occur  during  rolling  maneuvers.  Roll 
maneuvers  were  analytically  investigated  through  impulsing  the  airplane 
by  rapid  displacement  of  the  aileron  control  in  accordance  with  the  des^ 
criteria  (Rt^erence  1?) .  Wing  loads  are  primarily  dependent  iqwn  angle- 
of -attack,  roll  rate,  roll  acceleration,  and  aileron  deflection.  Since  load 
factor,  and  therefore  angle-of-attack.  were  held  constant,  a  simplified 
one-d^ree-of-freedom  analysis  was  employed  for  the  wing,  fin  addition 
to  those  describing  aircraft  motion,  equations  were  formulated  to  define 
the  response  of  tbe  lateral  control  system  to  finite  pilot  forces.  The 
equations  are  summarized  on  Page  13  of  Reference  18.  Wing  loads  for 
various  time  points  throughout  the  maneuver  were  combined  with  the 
appropriate  symmetrical  loads  to  define  the  overall  wing  loads. 

Elastic  loads  caiculat  ons  the  roll  maneuver  reflected  consideration 
only  of  wing  flexiuiiity,  which  ^as  found  to  be  relatively  stiff  in  the  sym¬ 
metrical  mode  a.nd  relatively  fl."  ible  in  the  anti -symmetrical  mode.  For 
this  reason,  the  unsymmetrical  wing  loads  from  the  rolling  maneuver 
we\e  cal'^ulatod  on  the  basis  of  an  elastic  wing  and  the  symmetrical  con¬ 
tributions  assumed  a  rigid  structure. 

fhe  wing  loads,  as  presented  for  structural  analysis,  were  represented 
by  concentrated  forces  at  a  discrete  number  and  location  of  panel  points 
as  depicted  in  f  igure  3.8  of  Reference  18.  The  distributed  load  Included 
tbe  effects  of  inertia,  aerodynamics  and  aeroelasticity.  The  distribution 
of  airloads  were  determined  from  wind-tunnel  data  (Reference  18  and  23 
thru  25) .  The  calculations  for  distribution  of  tbe  loads  to  the  panel  points 
were  performed  to  a  large  extent  by  a  digital  computer. 

Wing  aileron  loads  were  determined  on  the  basis  of  maximum  pilot  effort 
inputs  (Reference  17) .  The  critical  aileron  design  load  of  3125  pounds 
occurs  at  the  maximum  ses  level  flight  velocity  (Reference  18).  The 
design  flap  load  In  terms  of  maximum  hinge  moment  is  9420  in.  - 
pounds  per  Hap  (Reference  18).  This  moment  occurs  at  180  knots  with 
full  flaps. 

Wing -fan  closure  door  loads  occur  during  both  conventional  flight  with 
the  doors  closed  and  in  fan  flight  with  the  d^mrs  open.  The  maximum 
door  loads  during  convontional  flight  were  calculated  to  be  5000  pounds 
for  both  doors  on  one  fan  (Reference  18).  These  occur  during  a  high¬ 
speed  4.0g  symmetrical  flight  condition.  The  maximum  open  door  bad 
occurs  at  110  knots  during  a  40  f.p.s.  lateral  gust.  This  was  calculated 
to  be  a  door  load  of  800  pounds  (Reference  18V. 
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4.3.1 


Since  lift  fang  in  the  wing  accounted  for  significant  torque-box  structure 
loss,  a  simple  unit-beam  method  of  stress  analysis  was  not  applicable. 
The  basic  wing  structure  consists  of  a  conventional  torque-box  outboard 
of  the  lift  fan,  two  fttll-span  spars  bolted  to  the  carry-through  structure 
at  the  ftiselage,  and  an  inboard  leading-edge  torque-box.  This  basic 
structure  was  idealized  into  e  system  of  bare  and  webs  and  analyzed  as  a 
redundant  problem  by  use  of  a  general  method  progranuned  for  the  IBM 
704  Computer,  hi  the  solution,  internal  loads  were  found  as  functions  of 
extemally-at^lied  unit  panel  point  loads.  Deflection  influence  coefflcients 
were  also  found,  and  these  were  used  in  flutter  analysis.  As  noted  above, 
aiymmetrical  and  unsymmetrical  flight  loads  were  found  in  terms  of  the 
same  panel  point  forces,  so  that  a  considerable  number  of  load  conditions 
could  be  run  through  the  stress  and  deflection  analysis  program.  The 
results  of  sixteen  symmetrical  and  twenty  unqrmmetrical  conditions  are 
given  in  the  stress  report  (Reference  26).  All  stresses  and  deflections 
were  within  allowable  limits.  The  condition  most  critical  for  the  rear 
spar  and  its  attachment  Oymm,  Fit. ,  Pos.  Low  Angle  of  Attack,  Zero 
Pitching  Acceleration)  was  simulated  with  satisfactory  reoults  in  the 
static  proof  test  (References  20,  21  and  22).  biternal  strains  and  external 
deflections  from  test  compared  favorably  with  those  from  the  analysis. 


Stress  analysis  of  the  flap  was  based  on  a  loaoing  corresponding  to  the 
maximum  hinge  moment.  The  chordwise  pressure  distribution  consid¬ 
ered  was  rectangular  from  the  leading  edge  io  60%  choro,  and  triangular 
firom  60%  chord  to  the  trailing  edge.  The  flap  was  consei  vutively  analyzed 
and  proved  satisfactory  (Reference  28).  The  flan  was  also  static  tested 
satisfactorily  to  the  same  limit  load  (References  20,  21  and  22), 


The  aileron  was  stress  analyzed  cs  a  ^ontinuoas  beam  on  three  supports 
for  a  pressure  distribution  which  produced  the  critical  load  noted  above. 
The  total  hinge  moment  resulting  from  the  airload  used  in  the  analysis  is 
greater  than  the  maximum  input  Ungj  inomeow  baseu  on  actuator  capacity, 
because  the  reduction  in  torque  due  to  the  tab  airload  was  conseiwatively 
neglected.  Stress  analysis  of  aileron  and  tab  indicated  adequate  strength. 
The  aileron  and  hinge  fittings  were  also  proof -tested  satisfactorily  to  th.i 
critical  load  (References  20,  21  and  22).  Since  the  wing  fan  doors  serv« 
as  part  of  the  upper  wing  surface  in  conventional  flight,  thay  had  to  be 
analyzed  for  critical  pressures  resulting  from  conventional  flight  maneu¬ 
vers.  fo  addition,  the  doors  were  analyzed  for  fan  flight  oondltlcns  with 
the  doors  In  the  open  position  (Reference  28).  Requirements  for  high 
rigidity  resulted  In  fairly  thick  fiber  glass  skins  and  correspondingly  low 


streaseB  throughout  the  door.  Developmental  static  tests  were  done 
during  the  preliminary  design  of  the  doors,  and  these  tests  were  reUed 
upon  to  meet  rigidity  requirements.  For  additional  proof  of  strength  and 
rigidity,  the  final  doors  were  installed  oc  the  wing  fan  and  tested  to 
critical  conventional  and  fan- flight  loads.  Various  combinathms  of 
actuator  power  were  simulated.  The  tests  showed  that  the  doors,  support 
structure,  and  actuators  were  adequate  (References  20,  21  and  22). 

The  wing  spar-fuselage  joints  were  analysed  for  the  critical  shears  and 
moments  resulting  from  a  comparison  of  all  conditions  analyzed.  Ample 
margins  of  safety  were  found  (Reference  28).  The  rear  qiar  Joint,  which 
was  the  more  critical  of  the  two,  was  also  proof  tested  in  the  basic  wing 
test  (References  20.  21  and  22). 

The  wing  fan  mount  critical  loads  were  taken  from  16  load  conditions, 
which  were  differmit  combinations  of  thrust  vector  angle,  migine  power, 
linear  load  factors,  and  angtilar  rates  producing  gyroscopic  effects.  The 
analysis  indicated  adequate  strength  (Reference  28).  The  mounts  were 
also  satisfactorily  proof  tested  (References  20,  21  and  22). 

4.4  FUSELAGE  LOADB 

Fuselage  loading  results  from  the  combined  effects  of  inertia  and 
aerodynamic  forces.  The  inertial  forces  depmid  entirely  iqum  the  load 
factors  specified,  or  those  calculated  for  the  structural  design  conditionn. 
The  external  airloads  are  a  fimction  of  the  flight  velocity  ami  altitude, 
and  the  angles  of  attack  and  sideslip  which  occur  during  the  design 
maneuvers.  The  load  factors  and  anidM  tof  qrmmetrioal  numeuvere 
are  discussed  in  Section  4.3,  and  the  uuymmetrioal  maneuvers  in 
Section  4.5. 

The  fuselage  loads  frmn  gouad  conditions  are  primarily  fjrom  inertia. 

For  landing  conditions,  however,  wing  lift  equal  to  airplane  welglit  wee 
assumed  to  act  at  the  wing  spar  locations.  The  yertioal 

ing  load  factor  used  for  design  was  3. 82  g'a  (Reference  18). 

Two  distributions  of  fUaelage  weight  were  used  in  ttw  analysis  (Referenoe 
19  and  both  were  appropriate  to  a  9200  pound  airplane.  One  dietrfiiution 
reeults  in  an  airplane  o.g.  at  Station  240  and  the  other  at  Station  248. 

Fuselage  wind-tunnel  inreosttre  data  were  available  for  Mach  numbera  of 
.4  to  .  9  (Refermice  25).  Fuaelage  vertloal  and  lateral  airload  dlstrflMi- 
tlona  were  determined  by  fairing  throui^  the  avaibfole  potate 


eoiMiderliig  also  the  fuoelage  profile  aiad  the  aerodynamic  forces  and 
moments  indicated  Iqr  wind-tunnel  force  measurements  (Reference  18). 


To  oomhine  all  distributed  and  c<mcentrated  loads  in  the  many  combina¬ 
tions  required  to  define  fuselage  loading,  a  digital  computer  routine  was 
devised.  Basically,  the  program  combines  the  effects  of  (a)  fuselage 
vertioal  and  lateral  distributed  airloads,  (b)  fuselage  distributed  inertia 
loads  prothiced  fay  linear  and  angular  accelerations,  (c)  concentrated 
loads  and  moments  at  the  landing  gear  and  parachute  attachments, 

(d)  wing  inertia  and  airloads,  (e)  empennage  inertia  and  airloads,  and 
(f)  ragine  thrust  and  ram  drag.  The  prc^ram  provides  fuselage  loading 
in  the  fbrm  of  vertical  and  lateral  shear,  bending  moment  and  torsional 
moment  (Reference  18). 

4.4.1  Structural  Analysis  and  Test 

Primary  structure  of  the  center  fuselage  is  composed  of  a  space  frame 
oonsisting  of  tubular  steel  members  gusseted  and  welded  at  the  Joints. 
Thla  space  frame  was  idealized  as  a  system  of  two-force  members 'having 
14  redundants,  and  it  was  therefore  readily  adaptable  to  the  computer- 
programmed  method  outlined  for  the  wing  basic  structure.  Complete 
stress  and  deflection  analysis  (Reference  32)  included  loads  due  to  3 
landing  conditions,  4  fan-powered  conditions,  and  9  conventionally- 
powered  oonditions.  The  engine  mounts,  which  are  a  part  of  the  space 
frame,  were  analyzed  for  critical  landing,  fan-flight,  and  coaventional- 
flight  conditions.  Critical  center  fuselage  and  engine  mount  loads  were 
simulated  with  satisfactoiy  results  in  the  static  tests  (References  20, 

21  and  22).  The  conditions  included  2-Wheel  Tail  Down  Landing  (Spring 
Back),  Drift  Landing.  Rolling  Pull-Out,  and  Hover. 

The  forward  and  aft  sections  of  the  fuselage  are  conventional  semi- 
monocoque  structures.  Longitudinal  bending  members  together  with 
skins  and  webs  were  stress  analyzed  by  means  of  a  box-beam  method 
programmed  for  the  IBM  704.  This  analysis  (Reference  30)  considered 
all  critical  load  oonditions:  There  were  (4)  for  symmetrical  flight,  (7) 
for  unsymmetrioal  flight,  and  (3)  for  landing.  The  most  severe  oonditions 
for  forward  and  aft  foselage  were  also  simulated  with  satisfactory 
resutts  in  static  tests  (References  20,  21  and  22). 

Detailed  stress  analysis  was  accomplished  <m  fiiseluge  frames,  bulk¬ 
heads,  flttinga,  and  miscellaneous  items,  and  was  summarized  in  Ref¬ 
erence  31.  Brief  analyses  for  canopy,  pitch  fan  mounts,  pilot  seat 
support  structure,  foel  tanks,  thrust  spoiler,  and  parachute  support 


structure  were  included  in  this  Reference  31  report.  The  can<^  was 
tested  satisfactorily  to  ultimate  load,  simulating  the  critical  pressure 
distribution  due  to  500  k  at  sea  level,  with  5  degrees  sidesl^)  (References 
20,  21  and  22).  The  windshield  failed  during  proof  test.  The  thickness 
was  thmx  increased  by  75%,  which  was  shown  to  be  adequate  by  stress 
analysis  based  on  the  earlier  test  data  (Reference  22). 

Analysis  of  the  engine  air  inlet,  the  thrust  spoiler  installation,  and  the 
pitch  fan  louver  installation  and  the  results  are  summarized  in  Reference 
35.  The  thrust  spoiler  installation  and  pitch  fan  doors  were  tested  satis¬ 
factorily  during  tie-down  ground  tests  with  engines  at  full  power. 

Strength  and  rigidity  of  both  nose  and  main  landing  gear  doors  were 
proved  adequate  by  static  tests  to  limit  loads  corresponding  to  V  »  500  k 
at  sea  level. 

4.5  HORIZONTAL  TAIL  LOADS 

The  majority  of  the  loads  critical  for  design  of  the  horizontal  tail  result 
from  symmetrical  flight  maneuvers.  The  airplane  balance  methods 
discussed  in  Section  4. 6. 1  provide  the  overall  horizontal  tail  loads  due 
to  angle  of  attack  and  to  elevator  deflectimi.  A  maximum  load  of  7100 
pounds  was  calculated  by  use  of  the  methods. 

Unsymmetrioal  loading  on  the  horizontal  tail  is  produced  during  rollii^ 
maneuvers,  yawing  maneuvers  and  lateral  gust  conditions.  These 
unsymmetrical  maneuvers  are  discussed  in  Sections  4. 5  and  4. 6. 

Critical  horizontal  tail  unsymmetrical  loads  result  from  the  (tynamlo- 
overswlng  of  the  rudder  induced  yawing  maneuvers. 

In  the  calculation  of  horizontal  tail  loads,  local  inertial  c<Hitributioos 
were  conservatively  omitted.  The  distribution  of  the  aerodynamic  con¬ 
tribution  was  determined  through  application  of  the  well-known  Lifting 
Line  Theory.  This  theory,  together  with  a  sinapliflsd  method  of  aolidtoii. 
may  be  found  in  Reference  36.  For  the  XV-6A,  however,  an  •mfdutAmA 
version  was  formulated  and  mechanized  for  solution  by  digital  oonqmter. 
The  expanded  method  provided  greater  accuracy  and  solution  of  all  forms 
of  symmetric  and  anti-symmetric  loadings.  An  elevator  design  load  of 
1270  pounds  total  has  been  calculated.  This  load  was  based  on  a  max¬ 
imum  pilot  effort  of  200  pounds  being  applied  to  the  cockpit  longitudinal 
control. 


4.S.1 


Structural  Analyeis  and  Test 


The  hwizoDtal  stabilizer,  a  three-spar  semi-monocoque  structure,  was 
stress  analyzed  for  three  critical  flight  conditions  using  a  box-beam 
method  programmed  for  the  IBM  704  (Reference  27).  Elevator  stress 
analysis  for  a  conservative  loading  corresponding  to  maximum  pilot  ef¬ 
fort  was  included  in  the  same  report.  The  horizontal  stabilizer  was 
proctf  tested  satisfactorily  to  a  composite  condition  simulating  maximum 
total  load  and  maximum  torsion  (References  20,  21,  and  22).  The  ele¬ 
vator  was  satisfactorily  proof  tested  to  a  load  corresponding  to  maxi¬ 
mum  pilot  effort. 


4. 6  VERTICAL  TAIL  LOADS 


The  design  conditions  of  rolling  maneuvers,  rudder  induced  yawing  man¬ 
euvers  and  lateral  gust  conditions  are  responsible  for  loading  on  the 
vertical  tall.  Solution  of  all  of  these  oonditimis  for  structural  loads  and 
the  distribution  of  the  airloads  upon  the  vertical  tail  was  accomplished 
through  use  of  a  digital  computer. 

The  analysis  of  the  rolling  maneuvers  determined  the  motion  in  the  anti- 
symmetrical  or  lateral -directional  mode  separately  from  the  symmetri¬ 
cal  or  longitudinal  mode.  The  results  were  subsequently  superimposed 
for  representation  of  the  net  unsymmetrical  loading  conditirai.  Vertical 
load  factors  during  the  maneuver  were  considered  constant  at  initial 
values  from  1.0  to  2.5. 

Because  of  the  significance  of  cross- coupling  effects  on  fuselage  and 
empennage  loading,  a  three-degrees- of -freedom  solution  was  used 
(Reference  18).  These  correspond  to  interacted  aircraft  motions  in 
roll,  yaw  and  lateral  displacement.  In  addition  to  the  equations  defining 
the  motion,  auxiliary  equations  were  derived  to  simulate  pilot/oontrol 
system  response  characteristics.  Although  this  method  primarily 
served  as  a  means  of  evaluating  the  rolling  pull-out  maneuver,  it  also 
enabled  examination  of  the  inherent  characteristic  lateral  motion  during 
"steady*ttate"  rolls. 

The  rolling  pull-out  maneuver  investigated  consisted  of  rolling  the  air¬ 
plane  ou^  of  a  constant  altitude  turn  through  an  angle  equal  to  twice  the 
initial  bank  angle,  maintaining  zero  rudder  deflection  and  assuming  the 
vertical  load  factor  to  remain  constant.  Aileron  deflection  and  rate 
were  the  maximum  attainable,  commensurate  with  a  60-pound  stick 
force  and  pilot  application  time  of  0. 1  second.  Elastic  values  of  aileron 


effectiveness  and  wing  contribution  to  roll  damping  were  used  for  the 
calcii!ations.  Four  distinct  rudder-induced  yawing  conditions  were 
analyzed  and  are; 

1.  A  rudder  kick  maneuver  which  assumes  an  Instantaneous  rudder  de¬ 
flection  to  the  maximum  mechanical  limits  or  as  limited  by  pilot 
pedal  force. 

2.  A  steady-state  sideslip  maneuver  which  results  from  a  rudder  de¬ 
flection  to  the  mechanical  stops  or  as  limited  by  a  pilot  effort  of 
300  pounds. 

3.  A  dynamic -ovorswlng  sideslip  condition  which  assumes  that  during  a 
rudder-induced  yawing  maneuver,  the  airplane  will  attain  an  over¬ 
swing  sideslip  angle  50%  larger  than  the  steady-state  value. 

4.  A  rudder  deflection  reversal  maneuver  which  assumes  that  the  rudder 
is  instantaneously  returned  to  neutral  with  the  airplane  In  the  stead- 
state  sideslip  condition  resulting  from  specified  values  of  pilot  pedal 
force. 

The  equations  defining  these  four  static  conditions  were  programmed 
for  solution  by  a  digital  computer.  Other  equations  for  solution  of 
airplane  component  loading  were  also  programmed. 

For  the  lateral  gust  conditions,  the  airplane  was  assumed  instantaneous¬ 
ly  exposed  to  the  effects  of  the  sideslip  angle  resulting  from  the  lateral 
gust.  A  simple  lateral/dircctional  static  balance  of  the  airplane  was 
performed  to  determine  the  lateral  gust  loading.  The  vertical  tall  de¬ 
sign  load  of  3527  pounds,  resulted  from  the  calculated  effects  of  a 
lateral  gust. 

4.8.1  Structural  Analysis  and  Test 

The  vertical  stabilizer,  a  three-spar  seml-monocoque  structure,  was 
stress  analyzed  for  two  critical  flight  conditions,  one  which  produced 
maximum  shear  and  bending  moment  and  one  which  produced  maximum 
torsion.  A  box-beam  method  was  used  which  had  been  programmed  for 
the  IBM  704  (Reference  27).  A  rudder  stress  analysis  was  included  in 
the  some  report.  Margins  of  safety  for  the  rudder  were  high,  since 
high  stiffness  reriuirements  had  been  Introduced  to  prevent  flutter.  The 
vertical  stabilizer  was  proof  tested  satisfactorily  for  the  condition  pro¬ 
ducing  the  critical  shear  and  bending  moment  (References  20,  21,  and 
22).  A  component  static  proof  test  was  conducted  satisfactorily  on  the 
rudder  for  a  load  corresponding  to  maximum  (300  pounds.)  pilot  effort. 


4.7 


IJVNDING  GEAR 


Conventional  landing  and  taxiing  load:^  were  calculated  in  accordance 
with  MIL-A-8862  for  U200  pounds  and  12,500  pounds  gross  weights, 
with  10  ft/sec.  and  6  ft/sec.  sinking  speeds,  respectively.  In  addition, 
vertical  landing  loads  were  calculated  for  0200  pounds  gross  weight  with 
10  ft/sec.  sinking  speed. 

A  general  computer  program  was  developed  for  the  main  gear  which 
yielded  internal  loads  in  all  members  including  reactions  at  the  fuse¬ 
lage.  A  summary  of  these  loads  for  all  landing  and  taxiing  conditions 
may  be  found  in  Reference  19.  Both  nose  and  main  landing  gears  were 
stress  analyzed.  Results  may  be  found  in  References  29  and  34. 

The  nose  gear  and  its  support  structure  were  static  tested  satisfactorily 
on  the  airplane  for  the  two  critical  conditions:  3-Polnt  Landing  (Spring- 
Back)  and  Ground  Turning  (W  -  12,500  pounds).  The  main  gear  and  its 
support  structure  were  static  tested  satisfactorily  on  the  airplane  for 
the  two  critical  conditions;  2-Wheel  Tall  Down  Ldjr.  (Spring-Back)  and 
Drift  Landing.  Test  program  requirements,  procedures,  and  results 
may  be  found  in  References  20,  21  and  22. 

4.8  CONTROL  SYSTEMS 

The  primary  flight  control  systems  consist  of  conventional  stick  and 
rudder  pedals  mechanically  connected  to  rudder,  elevator,  and  to  servo 
actuators  which  control  the  ailerons,  wing-f;m  exit  louvers  and  nose  fan 
thrust  modulator.  The  limit  pilot  stick/pedal  forces  specified  in  Refer¬ 
ence  17  were  as  follows;  100,  200,  and  300  pounds,  respectively,  for 
lateral,  longitudinal,  and  directional  control.  The  various  methods  of 
reacting  these  pilot  forces  were  also  specified  in  the  criteria. 

Internal  load  distributions  and  stress  analyses  were  summarized  in 
Reference  33  for  the  conventional  flight  control  systems,  which  were 
also  satisfactorily  tested  in  the  airplane  by  applying  a  limit  load  to  the 
cockpit  controls  and  reacting  the  load  by  locking  the  surfaces  (References 
20,  21,  and  22). 
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The  fan-powered  flight  primary  control  system  Is  a  fully  powered.  Ir¬ 
reversible  system  consisting  of  a  collective  (lift)  stick  In  addition  to  the 
conventional  cockpit  controls,  which  mechanically  control  l^draullo 
servo  valve  tandem  actuators.  The  only  significant  forces  applied  to  the 
mechanical  systems  from  the  pilot  control  to  the  servo  valves  result 
from  the  pilot-feel  spring  packages.  Since  these  forces  were  relatively 
small,  conventional  flight  internal  load  stress  analyses  defined  design 
requirements.  The  wing-fan  louver  and  nose-fan  modulator  actuating 
mechanisms  were  satisfactorily  proof  tested  on  the  simulator. 

The  collective  control  stick  was  proof  tested  satisfactorily  to  150 
pounds  in  both  up  and  down  positions.  Both  throttles  were  also  proof 
tested  satisfactorily  to  75  pounds  aft  load.  These  Items  were  tested  as 
installed  in  the  airplane  (Reference  22). 


5.0  DESIGN  AND  CONSTRUCTION 


5. 1  GENERAL 

The  XV-5A  was  designed  and  constnioted  to  applloable  speoifloattons 
and  accepted  aircraft  standards.  Ground  and  flight  tests  proved  that  the 
XV-6A  v/as  fllghtworthy. 

5.2  MANUFACTURING 

The  XV-SA  was  fabricated  according  to  good  aircraft  manufacturing 
practices.  Welding,  heat  treating  and  the  fabrication  of  Fiberglass  parts 
were  controllod  by  Kyan  manufacturing  process  speclflcatlaast  which 
meet  military  requirements. 

5.3  FASTENERS 


The  XV-5A  fasteners  are  commonly  used,  standard  types.  Special 
fasteners  and  unusual  applications  of  standard  fasteners  are  eliminated. 

5. 4  FINISH  AND  PROTECTION  FROM  CORROSION 

Finish  and  protection  from  corrosion  was  accomplished  according  to 
Ryan  Specification  14359-1,  Finish  Speolfloatlon  XV-6A.  This  document 
specified  methods  to  protect  the  parts  from  weather,  corrosion,  erosion 
and  contact  with  dissimilar  metal. 

6.6  QUALITY  CONTROL 

Inspection  and  quality  control  was  accomplished  under  the  requirements 
of  MIL-Q-9S68  and  Ryan  Aeronautical  Company  Quality  Centred 
Procedures.  Inspection  records  for  Ryan  made  parts,  test  reports  and 
test  data  for  purchased  part  are  filed  by  Ryan  or  Ryan^s  vendors.'  These 
records  are  available  for  examination.  For  any  part  that  deviates  from 
engineering  specifications,  an  MRB  action  report  Is  filed  with  the 
Quality  Control  Department. 

5.6  MATERIAL  STRENGTHS 


Material  strength  properties  and  design  values  for  the  materials  used  In 
the  XV-5A  were  taken  from  MIL-HDBK-6  and  MIL-HDBK-17. 


VATIOUS 
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Since  the  design  life  of  the  ZV-5A  was  250  hours,  few  fatigue  problens 
appeared  ^  exist.  An  exception  was  the  center  fuselage  section  which  Is 
soaeidiat  aore  highly  st". s^ed  an*  is  constructed  of  welded,  high- 
strength  steel.  bwever,  no  problens  are  anticipated  since  aaple 
fatigue  allowance  was  incorporated  in  the  space  frame  design.  See 
Reference  32,  Section  IV,  Structural  Analysis  of  Center  Fuselage  and 
Engine  Mounts.  As  nomally  expected,  minor  airframe  repairs  were 
necessary  following  the  contractor's  flight  test  program.  These  repairs 
(resulting  from  panel  fatigue)  were  confined  to  the  ncnstructural  canoe 
fairing  undsr  the  wing  fans. 


6.0  PROPULSION  SYSTEM 


6.1  GENERAL 

The  General  Electric  aiqipUed  prcpulaicQ  aystem  wan  oeitifled  aa  £11^- 
worthy  in  the  applicable  reports  noted  below.  RjraiMlesIcned,  purohased, 
and  fabricated  components  conformed  with  applioaUe  standards.  The 
results  of  component  tests,  ground  tests,  wind-tunnel  tests,  and  fli|^ 
tests  verity  that  this  subsystem  is  flightworflqr. 

The  Propulsion  Installatl<m  (Ryan  Drawing  143P004)  cooslsta  of  two 
G.  E.  J-85  ^  ( G.  E.  Drawing  4012028-4U)  axial  flow  turbojet  engine^ti 
fitted  with  diverter  valves  (Drawing  G.  E.  4012001-012).  Tbese  valves 
permit  diversion  of  the  exhaust  gas  to  the  tailpipe  (Ryan  Drawing 
143P008)  or  to  the  lift  fans  (G.  £.  Drawing  4012001-041  and  -042)  and 
the  pitch  fan  (G.  E.  Drawing  4012001-040).  The  divider  and  pitch  fan 
ducting  permits  balanced  operation  of  the  fans  with  gas  flow  from  eiflier 
engine. 

Power  Plant  InBtallatioo 

The  J-8S  engiue  is  qualified  tc  MCL-E-6007.  The  fane  were  subjected  to 
a  50-hour  qualification  test  program  (G.  E.  Report  3C353-5B  Propulsion 
System  Flig^itworthiness  Test  Report). 

6.1.1  Operating  Charaotertstlce 

Operating  oharaoteristios  of  the  propulsion  installation  are  considered 
normal  and  satisfactory.  Test  results  obtained  thus  fiir  Indioate  minor 
restrictions  are  necessary  on  the  present  installation.  Internal  engine 
conqwrtments  are  maintained  well  below  temperature  limits,  fill  CTOL 
Jet  mode  continuous  operation  within  engine  limitations  is  without 
restriction. 

In  the  VTOL  fan  mode,  the  o<mqpartment  tenqwratures  are  somewhat 
higher  partly  due  to  the  reduoed  cooling  airflow  and  partly  due  to  the 
increased  ambient  air  temperahire  caused  by  fan  dUfiiaed  SKhaust  gases, 
under  certain  wind  oondlttoos  and  wing  fan  louver  aaifeo.  fiillially,  ex 
temal  temperatures  caused  severe  reatriotioa.  By  the  addition  of  In¬ 
sulation  where  the  aluminum  lAruoture  could  not  be  rei^aeed  with 
titanium  or  steel,  tne  safe  operating  times  have  been  signifloantly 
increased. 


In  general,  the  aircraft  may  be  operated  In  either  mode  restricted  by 
indication  of  overheating  from  a  ccmtlnuous  loop  overheat  warning  system 
wfalob  encompasses  the  structure  surrounding  the  hot  oonqionents  throu|^- 
out  the  aircraft,  such  as  the  fan  scrolls,  ducting,  and  tailpipe.  However, 
at  present,  some  time  limltationa  are  Imposed  for  various  oonHguratlonB 
tiriiioh  would  normally  be  oonsldered  transient.  Fan  cavities  are  limited 
to  120"c  for  fan  flii^t  and  150*0  for  turbojet  flight. 

Installed  thrust  appears  to  be  better  than  design  estimates. 

In  the  initial  stages  of  Phase  I  testing,  engine  compressor  stalls  were 
experienced;  however,  no  compressor  stalls  have  occurred  after  several 
modifications  and  engine  adjustments.  For  additional  details  and  discus¬ 
sion  of  the  ei^rine  stall  margins  of  the  installation,  refer  to  General 
Electric  XV-5A  published  memorandums  entitled  Datem  Gbeets  No.  2,  4, 
18  and  20. 


6.2  EXHAUST  GAS  DUCTING 


Ihe  divider  ducts  (Ryan  Drawing  143P013)  and  the  pitch  fan  ducting  (Ryan 
Drawing  143P029)  were  used  during  the  qualification  tests  of  all  of  the 
fans;  they  are  still  in  satisfactory  condition  after  approximately  130  hours 
of  operation.  The  tailpipe  (Ryan  Drawing  143P012)  and  its  flexible  section 
(Ryan  Drawing  143P03a)  were  tested  in  oonjunotion  with  the  above  tests 
approximately  30  hours  operation  wltii  no  signs  of  deterioration,  hi  addi¬ 
tion,  a  oonalderable  amount  of  ground  operation  and  flight  testing  has  been 
aooomplisbed  without  incident.  On  this  basis  the  hot  gas  ducting  and  tail¬ 
pipe  installation  are  considered  flightworthy  for  the  XV-5A. 

The  engine  and  ducting  mounts  were  accepted  by  stniotural  analysis  (see 
Reference  32)  and  verified  by  ground  and  flight  tes^s. 

6.3  ENGINE  INLET 

The  fiber  glass  engine  air  inlet  (Ryan  Drawing  143P006)  was  accepted  by 
structural  analysis  (see  Reference  32)  and  verified  by  ground  and 
flight  test. 


6.4  ACCESSORIES 

The  accessory  installation  (Ryan  Drawing  143P007)  oonqxmenta  have  been 
qualified  by  individual  testing  (Table  Components  Qualification  Data)  aa 
well  as  complete  Installation  tests  in  conjunction  with  operation  of  XV-5A 
simulator  program,  iq)proxlmat6ly  400  hrs  to  date.  The  cooling  fans. 


wilich  are  a  part  of  the  gear  box-fan  assembly,  supply  the  cooling  air  re¬ 
quirements  for  static  and  hovering  operations.  The  smaller  fans  cool  the 
generators,  the  hydraulic  oil  coolers,  the  electrical  compartments,  the 
pitch  fan  ducting,  and  the  pitch  fan  scroll  areas.  The  larger  fans  cool  the 
engine  compartments,  the  divider  ducts,  and  the  wing  fan  scroll  areas. 
Ground  and  flight  tests  indicate  satisfactory  temperature  limits  are  main¬ 
tained  when  aircraft  is  operated  within  design  limits. 

6.5  FUEL  SYSTEM 

The  fuel  system  (Ryan  Drawing  143P009)  can  supply  fuel  directly  to  each 
engine  from  its  tank,  with  cross  feed  provisions.  The  engine  pumps  can 
draw  fuel  from  the  tanks  up  to  6000  feet  without  booster  pumps.  Over 
6, 000  feet  the  booster  pumps  are  required;  each  pump  is  capable  of 
supplying  both  engines.  A  capacitance -type  fuel  quantity  gauge  indicates 
fuel  directly  in  pounds.  A  float  switch-operated  warning  light  indicates 
low  fuel  level.  Booster  pump  inoperative  and  low  fuel  pressure  are  indi¬ 
cated  by  pressure  switch-operated  warning  lights. 

The  fuel  tank  vent  installation  (Ryan  Drawing  143P070)  vents  all  fuel  tnnlfH 
to  atmosphere  and  maintains  a  positive  relative  pressure  on  the  surface  of 
the  fuel  between  0  to  3  psi  under  all  conditions  of  flight.  Float  valves 
prevent  siphoning  at  extreme  attitudes. 

Fuel  booster  pumps  are  powered  by  engine  compressor  8th  stage  bleed 
air  which  is  controlled  by  a  normally  open  solenoid  valve  (Ryan  Drawing 
143P0S9). 

6.6  FIRE  PROTECTION 

The  fire  extinguisher  system  (Ryan  Drawing  143P017)  consists  of  two 
CF-2D  twin  valve  pressure  vessels  using  CFsBj^  (MIL-B-13318)  pres¬ 
surized  to  600  psi.  The  CF3B11  can  be  discharged  into  the  forward  and 
aft  engine  compartments  of  either  engine  selected  at  a  high  discharge 
rate.  The  concentration  of  agent  in  the  protected  compartments  exceeded 
the  requirement  as  measured  by  FAA  conducted  test. 

Firewall  installation  (Ryan  Drawing  143P036)  provides  barrier  between 
each  engine,  between  engine  and  fuel  tanks,  and  between  divider  ducts 
and  fuel  tank.  A  lateral  firewall  (Ryan  Drawing  143P04e)  was  constructed 
between  the  engine  compressor  and  turbine  comparun^iits. 

A  drain  system  (Ryan  Drawing  143P052)  carries  away  combustible  fluid 
from  the  engine  and  ducting  and  safely  disposes  of  them  below  the  aircraft. 


6.7  PITCH  CONTROL  DOORS 

llie  pitch  control  doors  (Ityan  Drawing  143P034)  control  the  direction  of 
discharge  of  the  air  accelerated  by  the  pitch  fan,  thereby  controlling  the 
Iragltudinal  attitude  of  the  aircraft.  Tests  at  tiie  G.  E.  Evendale  test 
facility  in  conjunction  with  pitch  fan  acceptance  and  qualification  and  sub¬ 
sequent  flight  tests,  have  verified  design  integrity. 


I  i 
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7.0  EQUIPMENT 


7.1  GENERAL 

All  equipment  items  installed  on  the  XV-6A  have  been  qualified  Indtvlda- 
ally  or  by  similarity  to  the  i^)plioable  government  apeolfioatlona. 

Compatibility  of  these  equipment  items  with  the  Intended  use  wan  asaured 
during  design  and  testing  of  the  XV*SA  aircraft. 

Ityan  Engineering  and  Quality  Control  Departments  feel  all  efforts  have 
been  Implemented  to  establish  that  the  equipment  installed  in  the  XV-SA 
are  flightworthy. 

7.2  INSTRUMENTS 

The  choice  of  instruments  was  dictated  by  the  flight  requirements  as  set 
forth  in  Reference  2.  The  display  la  suitable  for  experimental, 
ferry  and  for  VFR  conditions. 

'1.2.1  Flight  Instruments 

Installed  are  the  baalo  flight  instruments  (airspeed*  altimeter,  and 
magnetic  compass),  instruments  required  for  special  flying,  instruments 
normal  to  medium  performance  Jet  aircraft  (vertioal  speed,  turn  and 
bank,  attitude,  and  acceleration). 

In  near  hovering  flight,  the  angle-of-attaok  Indicator  becomes  a  primary 
indicator.  Other  instruments  required  are  position  Indicators  which 
provide  position  readings  for  louver  ve^'t  angle,  flaps,  thrust  spoiler 
and  trim  in  longitudinal,  lateral,  and  yuw  directions  for  both  fan  mode 
and  Jet  mode  flight  (Ryan  Drawing  143K005,  eheet  2). 

All  (light  instruments  are  qualified  under  military  or  FAA  speoiftoatioQS. 

The  pitot-static  system  la  Installed  according  to  MIL-I-6116A  and  has 
been  oalibra-  i^d  with  the  instruments  Installed.  This  system  comprises 
a  boom  mounted  at  the  end  of  the  left  hand  wing,  piping  (wltti  moisture 
drains; ,  and  manifold  piping  In  the  cockpit  with  hoses  for  Instrument 
attachment.  The  pitot  line  baa  a  pneumatic  solenoid  valve  so  It  can  be 
shut  off  from  the  low  airspeed  instrument  when  Uie  aircraft  exceeds  the 
speed  limit  of  the  low  airspeed  instnunent. 
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7.2.2 


Power  Plant  ^gtem  Inetruiflonts 


The  power  plant  tnatrumenta  are  typical  of  Inatrumeota  uormally  found  In 
dual  engine  Jet  aircraft  as  to  mounting  and  type.  The  instruments  are 
mounted  from  top  to  bottom  with  left  engine  instruments  on  left  and  right 
engine  Instruments  to  the  right.  The  powerplant  Instruments  comprise: 
tachometer,  exhaust  gas  temperature,  fuel  flow,  fuel  quantity  and  oil 
pressure.  The  Instruments  have  been  qualified  in  other  aircraft  with 
equivalent  or  more  stringent  requirements  (see  component  qualification 
data  Table  16). 

Power  levels  during  fan  flight  are  monitored  by  fan  RPM  indicators.  Fan 
cavity  temperatures  also  are  indloated  for  CTOL  flight. 

7.2.3  Instrument  Arrangement 

The  instrument  arrangement  minimizes  pilot  effort  for  both  flight  modes, 
and  the  arrangement  follows  the  standard  display  for  military  aircraft 
(MS33634  and  MS3363S).  The  instrument  panel  la  not  shook  mounted,  for 
flight  demonstration  has  proven  that  shook  mounting  Increases  the  need 
for  panel  vibrators  to  decrease  hysteresis  inaoctti’aoles  In  instrument 
readings.  Design  Is  In  accordance  with  applioabl'i  seotlcce  of  MIL-I**5997B. 

7.3  ELECTRICAL  SYSTEM 

7.3.1  General 

The  design  and  installation  of  the  aircraft  electrical  system  complies 
wl  '  .MIL'E-2S499  (General  Specification  For)  ant  the  following  additional 
specifications: 


MIL-B-5087 

Bonding  Electrical,  For  Aircraft 

MIL-D-7006 

Detecting  Systems,  Fire,  Aircraft 

MIL-E-6400 

Electronic  Equlpraent,  Aircraft 

MIL-E-7017 

Elec.  Load  Analysis,  Method  For 

MlL-STD-704 

Electrical  Power,  Aircraft 

MIL-I-7032 

Inverter,  Aircraft 

MIL-W-6088 

Wiring,  Aircraft  Installation  of 

MIL-E-5272 

Environmental  Testing 

MIL-A-8064 

Actuators  and  Actuating  Systems, 
Aircraft 

Specification  MIL-E-7080  was  used  as  a  guide  for  the  selection  of 
applicable  electrical  equipment  and  installation. 

7.3.2  Generating 

Primary  power  on  the  aircraft  is  28  vdc.  The  115  vac,  400  ops  power 
is  provided  by  two  250  va  Mil  Std  rotary  inverters.  A  28  vdc  (nbrninal) 
silver-zinc  secondary  battery  is  a  source  of  emergency  (primary)  power. 
The  battery  is  small,  rated  at  25  ampere-hours,  but  provides  mon»  than 
adequate  power  yield  for  "generators  out"  emergency  (see  Navy  8|i^ifl- 
cation  143E011  Load  Analysis),  as  well  as  adequate  capacitance  for  good 
bus  regulation  (ripple).  Electrical  power  obaraoterlstlos  are  wltbln  the 
confines  of  Mil-Std-704  (exhibit  "Component  Qualification  Data"). 

Two  "brushless"  type  d-c  generators  are  used  in  an  equalizing  circuit. 
Together  at  normal  power  plant  speeds  they  provide  a  0  kw  power  isouroe; 
actual  steady  state  power  required  is  approximately  2. 8  kw.  Sjystems 
growth  as  well  as  good  circuit  clearing  capability  is  therefore  obtained. 
The  installed  system  is  much  simpler  and  lighter  in  weight  than  an 
equivalent  conventional  "brush"  type  generatin.';  system. 

7.3.3  Distribution 

Power  is  controlled  and  distributed  through  a  closely  coupled  control, 
module  and  circuit  breaker  panel.  The  largest  circuit  breaker  Is  rated 
25  amperes.  All  dc  bus  control  contactors  are  MU  Std  type.  The 
generator  controller  modules  and  the  generator  housings  Incorporate 
"feeder  fault"  protection  relays.  The  sensitivity  of  the  feeder  fault  re¬ 
lays  and  the  circuit  breakers  have  been  sized  to  the  capacity  of  the  dis¬ 
tribution  leads.  Distribution  to  all  syste'ns  is  by  "open  wire"  harness 
constructed  with  MU  Std  wiring.  The  number  of  connectors  used  has 
been  minimized  for  best  reliability.  For  the  most  part  harnesses  are 
separate  with  respect  to  discrete  function:  power,  primary  signal, 
standby  signal,  etc.  with  exceptions  to  best  attain  system  neatness, 
compactness,  integrity,  and  reliability. 

7.3.4  Conversion  Control  Interlock  System 

The  conversion  control  interlock  system  comprises  the  bulk  of  the  air¬ 
craft's  electrical  distribution  network.  The  system  distributes  the 
cockpit  signals/pilot  commands  to  the  electrical  mlxer/integratlng,  and 
subsequently  to  the  electrically  powered  control  devioes/interlock 
switches,  actuators,  solenoid  valves,  etc.  The  Electrical  Mixer 


itykn  Drawing  143E012-1  is  the  center  of  the  control  network.  A  Tester, 

Myhh  Drawing  143G021-1  pensitu  functional  Inspection  of  the  electrical 
aiker  before  aircraft  installation.  Hils  tester  Is  now  used  periodically  as 
ground  support  nalntenance  and  Inspection  equipment.  Compliance  to 
operational  specifications  has  been  established,  and  detailed.  Refer  to 
Reference  40,  paragraph  3.1. 

7.3.5.  Stability  Augmentation  System 

Requirement 

The  stability  augmentation  system  requirement  Is  presented  In  paragraph 
3. 3. 2. 1.1  of  the  Detail  Aircraft  Specification,  Report  Number  62B125A, 
dated  30  December  1964.  The  system  shall  stabilize  the  aircraft  In 
pitch,  roll  and  yaw  during  the  fan  mode  of  flight.  This  Is  to  be  accom¬ 
plished  through  the  use  of  rate  gyros  to  electrically  control  the  wing  fan 
exit  louvers  and  pitch  fan  door  actuators. 

Compliance 

Satisfactory  compliance  with  the  requirement  has  been  demonstrated  both 
In  the  flight  simulator  program  (Reference  38),  and  In  actual  flight 
test  operation.  Flights  have  been  made  to  determine  handling  character¬ 
istics  with  the  system  inoperative.  The  simulator  program  Indicated  the 
possibility  of  handling  difficulties  with  the  roll  axis  stabilization 
Inoperative.  On  this  basis  roll  axis  testing  was  limited  to  gain 
variation. 


7.3.6.  Components 

All  components  are  standard  AN/US  parts,  except  those  listed  under 
Components  Qualification  Data,  Table  16. 

7.4  HYIWAULIC  SYSTEM 

7.4.1.  System  Design 

The  hydraulic  system  was  designed  In  accordance  with  1IIL-H-544C, 

Type  II,  Class  3000  psl  system.  Two  completely  independent,  engine 
driven  systems  are  provided.  Both  systems  operate  continuously  and 
each  la  capaole  of  supplying  full  control  load  requirements  in  event  of 
pressure  loss  of  either  system. 


All  primary  and  secondary  flight  control  Amotions,  that  ure  l^raulioalty 
powered,  are  controlled  through  tandem  l^draullo  cylinders,  except  the 
thrust  spoilers.  The  thrust  spoiler  actuator  is  powered  by  hydraulic 
system  No.  1  only  with  Internal  looks  provided  to  look  the  spoilers  In 
the  retracted  position  In  the  event  of  system  No.  1  pressure  loss.  The 
landing  gear  control  actuators  are  also  powered  by  hydrauUo  system 
No.  1  only,  with  emergency  extension  provisions  from  the  emergency 
pneumatic  system. 

7.4.2  System  Installation 

By  an  drarings  143H001  through  143  HOI  0  show  the  hydraulic  system 
Installation.  Ryan  drawing  143H002  is  the  system  sohematlo  drawing. 
Compliance  of  the  Installed  system  to  specification  requirements  has 
been  demonstrated  on  the  hydraulic  and  control  simulator  and  during 
ground  and  flight  tests  of  both  aircraft. 

7.4.3  Components 

Wherever  possible,  AN  or  MS  hydraulic  components,  or  oomponents 
previously  qualified  for  another  user,  were  selected  for  use  in  the  sirs-* 
tern.  Where  the  requirements  did  not  lend  themsolves  to  thts  approach, 
specification  control  drawings  were  prepared  and  compmiento  were  de* 
signed,  fabrioated,  aai  qualified  to  the  retirements  of  these  drawings. 
A  tabulation  of  the  components  falling  Into  this  category  is  oontained  in 
Table  16. 


7.6  CONTROL  SYSTEM 

7.S.1  System  Design 

The  control  system  was  designed  essentialbir  In  accordance  with  speci¬ 
fications  MIL-F-878S,  MIL-F-9490B,  and  MIL-S-8696.  The  control 
system  was  designed  as  simple,  foolproof,  and  reliable  as  possible 
consistent  with  the  intended  mission  of  the  aircraft. 

The  control  system  consists  of  conventional  stick,  rudder  pedals  and 
collective  lift  stick  mechanically  connected  to  aerodynamic  flap  type 
control  surfaces,  for  conventional  flight  control;  and  connected  to  wing 
fan  exit  louver  servos  and  a  pitch  fan  thrust  modulating  door  servo  for 
fan  flight  mode  control. 


Operating  loads  of  the  fan  flight  mode  oontrcl  functions  necessitated  the 
use  of  powered  subsystems,  These  subsystems  were  all  designed  with 
tandem  cylinder  actuation  for  reliability. 

The  oonrenttonal  flight  controls  were  designed  for  manual  operation  to 
enable  a  conventional  landing  even  in  event  of  failures  in  both  l^raullo 
systems.  (The  ailerons  required  hydraulic  boost  for  maximum  maneu¬ 
vering  performance,  but  are  still  controllable  without  Igrdraullc  power. ) 

7.5.2  gystem  Installation 

Installation  of  the  control  system  is  shown  on  Drawing  143C001,  and  the 
system  schematic  is  shown  on  Drawing  143C002.  Compliance  of  the 
Installed  system  to  specification  requirements  has  been  demonstrated  on 
the  hydraulic  and  controls  simulator,  during  the  aircraft  installed  sys¬ 
tems  tests  (Reference_^)  and  during  ground  and  flight  tests  of 
both  aircraft. 

7.5.3  Components 

All  control  cobles  and  pulleys  used  in  the  conventional  control  systems 
conform  to  military  specifications.  All  bearings  used  in  both  the  con¬ 
ventional  and  fan  flight  controls  arc  precision,  low-friction  bearings 
manufactured  to  closer  tolerances  than  their  AN  counterparts  covered 
by  specification  MIL-B-7949.  Cable  tension  regulators  in  the  elevator 
and  rudder  ayatems  are  both  qualified  by  stmilsrity  to  Pacific  Scientific 
Co,  Regulator  R75-H001-100-00,  QuallficAtton  Test  Report  352. 

The  remaining  control  system  components  are  hydraulically  powered 
(refer  to  paragraph  7,4). 

7.6  COCKPIT 

The  arrangement  of  the  cockpit  was  made  in  accordance  with  applicable 
sections  of  ARDCM  80-1  Vol.  1  Handbook  of  Instructions  for  Aircraft 
Designers  and  MIL-STD-803  Human  Engineering  Criteria.  It  was  then 
studied  in  a  mockup  and  the  hydraulic  and  controls  simulator  to  assure 
correct  arrangement  and  distances  for  pilot  minimum  effort  with  maxi¬ 
mum  efficiency. 

For  safety  reasons  all  equipment  mounted  In  the  cockpit  Is  installed  to 
withstand  30g  crash  conditions.  All  glass  is  of  a  nonsplintering  tj'pe 
(windows  arc  of  Plex  55). 


Vision  is  at  a  maximum  with  minimum  distortion  and  glaas  areas  have  a 
luminous  transmittance  in  excess  of  70  percent,  l^reoautlons  have  been 
taken  to  reduce  bothersome  reflections. 

Controls  locations  and  actuations  are  in  accord  with  applioable  sections 
of  M1L-'STD-250A  Cockpit  Controls  Location  and  Actuation,  for  Heli¬ 
copters  and  MIL-STD-203  Cockpit  Controls  Location  and  Actuation  for 
Fixed  Wing  Aircraft. 

A  diluter/demand  low  pressure  gaseous  oxygen  system  is  incorporated 
and  is  sufficient  to  supply  oxygen,  up  to  100  percent,  for  the  pilot 
throughout  any  possible  aircraft  mission. 

7.7  LANDING  GEAR 

7.7.1  Main  Gear 

The  basic  fuselage  mounted  configuration  of  the  main  landing  gear  was 
dictated  by  consideration  of  minimum  vdng  weight.  Consideridions 
peculiar  to  the  fan-in-wing  concept  led  to  the  use  of  a  two  position  shift¬ 
ing  mechanism,  providing  twO'Statlon  positions  for  the  main  wheels. 

7.7.2  Nose  Gear 

The  nose  gear  design  concept  is  entirely  conventional.  Power  steering 
is  not  provided. 

7.7.3  Loads 

Loads  were  calculated  by  Ryan  Structures  Group  ai  d  computing  facilities 
as  outlined  in  Section  4.10. 

7.7.4  Stress  Analysis 

Di>tuil  stress  analysis  of  landing  gear  structural  components  was  per¬ 
formed  by  landing  gear  vendor  and  checked  by  Ryan  Structures  Group. 

7.7.5  Shock  Absorption 

Shock  absorbers  were  designed  in  accordance  with  MIL-S-8552.  The 
shock  absorbers  a'rc  of  conventional  oleo  pneumatic  configuration  using 
metering  pin  orifice  control.  Satisfactory  performance  of  nose  and  main 
shock  absorbers  was  demonstrated  by  drop  tests  using  vendor's  test 


tower  facilities.  References  giving  detailed  description  of  test  equip¬ 
ment,  instrumentation,  and  results  are  listed  in  the  Component  Qualifi¬ 
cation  data.  Table  16. 


7.7.6  Nose  Gear  Shimmy  Suppression 

Early  difficulties  involving  dynamic  instability  of  the  nose  wheel  installa¬ 
tion  were  encountered  during  high  speed  taxi  tests  and  required  detail 
redesign  of  the  nose  wheel  fork,  torque  links,  and  shimmy  damper 
installation.  An  intensive  development  and  testing  program  was  launched 
and  satisfactorily  completed  prior  to  first  flight. 

7. 7. 6.1  General 

A  group  formed  of  Ryan/Republic  dynamics  and  design  engineers  re¬ 
viewed  the  shimmy  suppression  requirements,  and  assisted  I.oud  Co. , 
(landing  gear  vendor),  with  the  necessary  redesign.  Detail  design  recom¬ 
mendations  were  made,  chiefly  in  the  design  of  the  lower  end  of  the  forks 
to  provide  a  higher  spring  rate,  a  more  positively  retained  axle,  and  a 
higher  damping  ratio  damper. 

7. 7. 6. 2  Testing  of  Original  Configuration 

(ci)  Loud  Co.  obtained  the  use  of  the  Lockheed  wheel  spin  test  facility  at 
Rye  Canyon.  The  gear  and  shimmy  damper  from  ship  No.  1  were 
installed  on  the  drum  test  machine.  A  series  of  runs  were  per¬ 
formed,  witnessed  by  the  Ryan/Republic  engineers.  These  tests 
confirmed  the  existence  of  a  self-sustaining  shimmy  tendency  of  the 
i,ear. 

(b)  Loud  Co.  made  torsional  stiffness  measurements  of  the  nose  gear 
fork,  torque  linkage,  and  shock  strut  assembly  to  aid  in  redesign 
analyois. 

(c)  Loud  Co.  made  shimmy  damper  dynamic  test  runs  to  establish  the 
damping  coefficient,  as  originally  installed,  to  provide  comparison 
data  with  the  redesigned  dumper  and  to  support  Ryan's  analysis 
effort. 


7. 7.6,3  Theoretical  Investigation 

This  effort  was  conducted  by  the  Ryan/Republic  engineers.  The  investi¬ 
gation  consisted  of  an  application  of  Moreland's  theory  and  analytical 
techniques  to  the  XV-3A  airframe/nose  gear  configuration.  As  data 


became  available  from  the  various  phases  of  testing,  it  was  incorporated 
in  the  analysis.  First  objective  of  the  analysis  was  to  obtain  a  correla¬ 
tion  between  the  shimmy  condition  experienced  with  the  aircraft  using 
Lockheed  spin  test  results,  and  theoretical  predictions.  The  effect  of 
variations  in  the  major  parameters  such  as  gear  torsional  and  lateral 
stiffness,  damping  coefficient  load,  tire  elastic  effects,  caster  and 
trail,  taxi  speed,  shimmy  freqiaency,  mass  distribution,  etc.,  were  then 
studied.  The  investigation  originally  made  use  of  the  Ryan  digital  com¬ 
puter.  Work  was  transferred  to  the  Ryan  analog  computer  due  to  the 
rapidity  with  which  the  effect  of  varying  parameters  could  be  studied 
with  this  facility. 

The  first  computer  run  gave  an  excellent  correlation  with  actual  exper¬ 
ience.  It  also  indicated  that  with  the  original  gear  configuration,  virtually 
no  amount  of  damping  would  provide  stable  operation  at  the  nose  gear 
maximum  required  taxi  speed .  Design  recommendations  regarding  in¬ 
crease  of  nose  wheel  fork  and  torque  linkage  torsional  stiffness  and 
shimmy  damper  coefficient  at  various  shimmy  frequencies  were  trans¬ 
mitted  to  the  Loud  Co.  and  used  for  analysis  of  the  redesign  components. 
The  most  critical  condition  appeared  to  be  the  light  load  condition  at 
point  of  take-off  or  immediately  after  touchdown.  This  showed  the  exist¬ 
ence  of  an  upper  limit  for  the  usable  damping  coeffici  3nt.  Development 
testing  on  the  shimmy  drum,  and  frequency  and  stiffness  measurements 
of  the  gear  installed  on  the  airplane  subsequently  showed  this  upper 
boundary  to  be  imaginai^,  which  removed  the  "suspect"  critical  condition. 

7. 7. 6. 4  Redesigned  Nose  Gear  Development  and  Shimmy  Testing 

(a)  Nose  Gear  Torsional  Stiffness 

New  wheel  fork  and  torque  links  were  made  available  for  testing  at 
Loud  Co.  These  items  were  designed  in  accordance  with  Ryan/ 
Republic  stiffness  requirements.  After  one  week's  continuous  test¬ 
ing  and  development  the  nose  gear  assembly  achieved  satisfactory 
stiffness  measurements.  Additional  stiffening  of  the  shimmy  damper 
mounting  brackets  and  the  torque  link/damper  shaft  connection  was 
required. 

(b)  Shimmy  Damper  Development 

Testing  of  the  original  shimmy  damper  with  minor  modifications 
proved  that  the  shimmy  damper  could  not  achieve  the  damping  co¬ 
efficient  values  required  by  the  Ryan/Republic  recommendations. 
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A  new  damper  with  improved  vanes  was  designed,  built,  and  tested . 
Sufficient  testing  was  performed  to  indicate  the  damper  would  meet 
the  predicted  requirements. 

(c)  Shimmy  Drum  Test 

The  stiffened  nose  gear  with  the  new  damper  was  installed  on  the 
Rye  Canyon  shimmy  test  machine.  Tests  performed  included; 

1.  Driven  shimmy  and  damper  performance. 

2.  Unrestrained  shimmy  up  to  maximum  taxi  speed  with  optimum 
damper  adjustment. 

3.  Unrestrained  shimmy  with  reduced  damping  and  taxi  speed. 

4.  Lateral  bending  stiffness,  natural  frequency  response  and  decay 
rate  measurements. 

At  the  conclusion  of  these  tests  the  gear/damper  combination  was 
regarded  as  satisfactory  over  the  entire  load/speed  spectrum.  Also 
confirmation  of  the  lower  boundary  of  acceptable  damping  coefficient 
was  obtained. 

(d)  Airframe/Nose  Gear  Matching  (Computer  Study) 

The  shimmy  drum  testing  did  not  confirm  the  existence  of  an  upper 
limit  of  damping  coefficient.  The  modified  nose  gear  was  installed 
on  ship  No.  2  at  Edwards  AFB  and  lateral  stiffness  and  frequency 
response  measurements  of  the  complete  system  were  obtained.  The 
data  from  these  tests  and  the  Hye  Canyon  shimmy  drum  testing  were 
incorporated  in  a  refined  analog  computer  study.  This  study  indi¬ 
cated  satisfactory  compatibility  between  airframe  and  nose  gear  and 
removed  the  upper  boundary  limit  on  acceptable  damping  coefficient. 
To  provide  additional  margin,  an  increased  figure  of  minimum  damp¬ 
ing  coefficient  was  recommended  us  a  desirable  target  for  the 
shimmy  dumper  qualification  test,  which  was  met. 

(e)  High  Speed  Taxi  and  Flight  Testing  (Ship  No.  2) 

High  speed  taxi  tests  with  the  modified  gear  and  shimmy  damper 
tests  were  successfully  completed  S-22-64. 


86 


7.7.7 


Main  Gear  Two  Position  Mechanism 


The  portions  of  the  mechanism  designed  and  manufactured  by  Ryan  were 
subjected  to  detail  stress  analysis  by  Ryan  Structures  Group,  and  suc¬ 
cessfully  passed  static  proof  tests. 

7.7.8  Brakes 


MIL-W-5013  was  used  as  a  general  guide  in  the  preparation  of  tte  Ryan 
drawing  8CD  L0003  lightweight  wheel  and  brake  specificatton.  Considera¬ 
tions  of  minimum  hovering  take-off  weight  and  the  specialized  mission  of 
the  aircraft,  led  to  the  acceptance  of  a  limited  number  of  stops  between 
relines.  IGnetic  energy  requirements  were  determined  by  Ifyan  Engi¬ 
neering  Group  and  satisfactory  compliance  demonstrated  on  the  vendor's 
dynamometer  equipment.  For  detailed  report  references,  see  Cmn- 
p<ment  Qualification  Data,  Table  16. 

7.7.9  Landing  Gear  Doors  and  Mechanisms 

The  landing  gear  doors  and  mechanisms  were  designed  by  Ryan  Engi¬ 
neering  to  conform  to  inflight  (grating  loads  predicted  by  Ryan  Aero  - 
dynamics  Group.  Detailed  stress  analysis  was  performed  by  Ryan 
Structures  Group. 

7.7.10  Actuators 


All  actuators  in  the  landing  gear  retraction,  two-position,  door  and  up- 
latoh  mechanisms  are  of  simple  straight  forward  design.  Restricted 
functional  and  proof  testing  were  performed  by  vendors  and  repeated  in 
Ryan  Hydraulic  Test  Laboratory. 

7.7.11  Landing  Gear  Operation 

<a)  Normal  hydraulic  system  components,  see  Section  7.4. 

(b)  Emergency  pneumatic  system.  The  emergency  system  provides  a 
completely  independent  means  ctf  extending  the  landing  gear.  This 
system  is  manually  initiated  and  will  lower  the  gear  even  in  the 
event  of  complete  eleotro/hydraulic  system  failure. 

(o)  Hydraulic  and  pneumatic  system  components  are  listed  In  the 
Nfdraulics  and  Controls  Component  (^lifieation  Data  Tables. 


7.7.12  Functional  Testing 


Complete  system  testing  of  Installed  landing  gear  and  auxiliaries  was 
performed  prior  to  conunencement  of  flight  testing.  Procedures  and 
results  are  contained  in  References  39  and  40. 

7.7.13  Structural  Integrity 

Static  testing  by  Ryan  Test  Group  demonstrated  satisfactory  structural 
strength  and  stiffness  of  landing  gear  and  auxiliary  components.  Pro¬ 
cedures  and  results  are  given  In  References  20,  21.  and  22. 

7.8  SAFETY  PROVISIONS 

7.8.1  Pilot  Ejection  Seat 

The  pilot's  ejection  seat  was  chosen  for  Its  capability  at  zero  speed  and 
zero  altitude.  These  characteristics  are  important  to  an  aircraft 
which  would  spend  much  time  near  the  ground  at  speeds  between  0  and 
50  knots.  The  seat,  an  LW-2  North  American  Aviation,  Columbus, 

Ohio,  ejection  seat  system  was  developed  by  NAA,  luvler  U.  S.  /irmy 
contract,  for  aircraft  such  as  the  XV-SA  and  was  the  best  available 
escape  system  to  bo  founoi,  relative  to  the  XV-5A  aircraft  flight  envelope. 
This  system  was  test  fired  twice  under  simulated  XV-5A  conditions  over 
and  above  the  development  and  demonstration  test  program.  Further 
discussion  of  these  tests  and  the  development  program  can  be  found  in 
North  American  Aviation  report  NA63H-817, 

7.8.2  Provieions  for  Exterior  Canopy  Opening 

Provisions  for  optnliig  the  pilot's  canopy  by  Ihe  ground  crew  from  the 
outside  have  been  made.  From  either  side  of  the  fuselage,  with  one 
continuoue  motion,  the  latch  mechanism  may  be  operated  and  the  canopy 
opened  by  a  person  standing  on  the  ground,  'fhle  provision  follows  the 
recommended  procedures  found  in  HIAD. 

7.8.3  Emergency  Egress  by  the  Pilot 

If  for  any  reason,  the  pilot  is  unable  to  unlock  the  canopy  and  he  does  not 
choose  to  eject  through  it,  a  heavy  knife  has  been  provided  so  that  he  can 
break  the  canopy  glass  to  climb  through  it.  (Plexiglass  55  will  not 
shatter  and  cause  injury  from  sharp  pieces. ) 


7.8,4 


Fire  Protection 


7.8.4. 1  Overheat  Detection  System  And  Firewarning 

A  temperature  sensitive  two-wire  system  is  installed  in  those  compart¬ 
ments  where  overheat  may  occur,  to  set  off  a  flashing  light  warning  in 
case  of  overheat.  In  the  case  of  fire,  with  its  attendant  higher  tempera¬ 
tures,  the  steady  light  warning  is  given.  These  warning  lights  are  located 
on  the  instrument  panel,  one  for  left,  and  one  for  right  engine 
compartment. 

7. 8.4. 2  Fire  Extinguishing  %etem 


The  fire  extinguishing  system  is  comprised  of  two  bottles  of  two  pounds 
each  bromotrifluoromethane  (MIL-B- 12218)  plus  valves  and  piping  to 
each  engine  compartment  with  selection  of  one  or  both  to  either  com¬ 
partment.  This  system  is  controlled  by  the  pilot  from  a  standard  ar¬ 
rangement  on  the  instruL  >ent  panel. 

7.8.5  ^in/Drag  Chute 

A  spin  chute  or  high  speed  chute  has  been  included  for  fU{^t  test  program. 
This  feature  is  not  used  for  normal  braking  but  is  reserved  for  emergen¬ 
cies.  The  choice  of  high  speed  chute  or  spin  chute  installed  must  be 
made  prior  to  takeoff  according  to  the  planned  test  program. 

7.8.6  System  Emergency  Shut-Off  Switches 

To  preclude  catastrophic  runaway  on  the  horizontal  stabilizer  and  on  the 
louver  vector  angle  a  warning  light  has  been  installed  and  shutoff  switches 
have  been  included.  The  switches  open  the  power  circuit  at  the  actuator 
to  shut  off  any  possible  system  failure.  These  two  possibilities  were 
discovered  as  potentially  uncontrollable  during  the  simulator  flying  test 
program. 


7.8.7  Syatem  Redundancy 

The  control  systems  have  been  design^  redundant  so  that  the  aircraft 
could  fly  with  any  one  power  system  out.  The  loss  of  one  system  in 
hydraulic,  electrical  omitrol,  or  stability  augmentatim  systems  will 
not  be  noticeable  to  the  pilot  except  as  indicated  by  condition  lights 
the  main  Instrument  panel. 


< 

* 

ft 


7. 8. 7. 1  The  hydraulic  system  is  dual  throu^out  and  either  side  is 
capable  of  complete  control  (see  7. 4. 1). 

7. 8. 7. 2  The  electrical  system  is,  in  the  control  areas,  dual  redun¬ 
dant,  and  in  the  power  source,  Is  triple,  so  that  even  if  two  generators  fail, 
the  emergency  buss  is  still  pov^erad  by  a  battery,  (  see  Section  7. 3). 

7. 8. 7.3  The  SAS  (Stability  Augmentation  System)  is  dual  with  one 
system  variable  by  the  pilot  and  a  backup  system  previously  set  to  a 
safe  control  mode.  System  changeover  is  automatic  (see  Section  7. 3. 6). 


8. 0  OPERATING  LIMITATIONS  AND  INFORMATION 


8. 1  OPERATING  DEMONSTIATED  IJMITATIONS 

8.1.1  Flight  Llmttatlona 

The  following  paragraphs  present  a  summary  of  the  limiting  flying 
speeds.  For  a  more  detailed  coverage  of  all  llmltations»  see  Ryan 
Report  No.  64B150,  Pilot's  Operating  Manual. 

8. 1.1.1  Maximum  Flight  Speed  400  KEAS 
The  aircraft  has  been  flight  tested  to  this  condition. 

8. 1.1.2  Maximum  Approach  Speed  180  KEAS 

This  speed  applies  to  the  extension  of  flaps,  landing  gear,  nose  fan 
pitch  doors,  Inlet  louvers,  and''^xlt  louvers. 

''\8. 1.1.3  Conversion  Speed 

Fans  to  Turbojet  85-95  KIAS 

Turbojet  to  Fans  95-105  KIAS 

8.1.2  Power  Plant  Limitations 


For  the  ground  crew  and  others  responsible  for  the  aircraft  or  power 
plant,  refer  to  T.O.  -2J-J85-56. 

OPERATING  LIMITS 


Item  Limits  Remarks 

NOl’E! 

This  figure  supplies  the  maximum  or  minimum 
values  for  Standard  Day  Sea  Level  Static  Conditions. 

1.  STARTING  TIME  20  to  50  Seconds  Starting  time  shall  be 

(Nominal)  measured  from  the 

initial  tachometer 
indication  of  engine 
RPM  to  stabilize  idle 
speed. 


Item 

Limits 

Remailcs 

2.  ENGINE  SPEED 

IDLE  SETTING 

48(1 1)%  RPM  Conventional  Mode 

70%  RPM  Fan  Mode 

IDLE  SPEED 
FLUCTUATION 

3%  RPM 
(peak  to  peak) 

Within  the  46.5- 
49.5%  RPM  range. 

MILITARY 

SETTING 

102(11)%  RPM 
for  30  minutes 

NOTE! 

The  military  speed  setting  (102  (±1)%  should  be 
repeatable  at  any  given  condition.  A  change  in 
condition  will  affect  repeatability.  Approacimately 

30  minutes  continuous  operation  at  Military  setting 
is  allowable. 

MILITARY 

FLUCTUATION 

11%  RPM 

OVERSPEED 

104%  RPM 
Transient 

See  Maintenance  T.  0. 
for  Engine  Rotor  Dis¬ 
position  if  speed  ex¬ 
ceeds  104%. 

WQTfil 

Normal  max  during  start  800*C. 

Pilot  should  chop  throttle  if  EOT  goes  to  890*C  on 
fire -up. 

3.  EXHAUST  GAS  980*C  MAX 

TEMPERATURE  (1 800*  F  MAX) 

(EOT)  STARTING 


fZ 


Bern 


UmlU 


Remarks 


I 

If  EOT  is  cooelsteafly  high  dtiriag  •taitiagt  ohsok 
A18  diverter  valve  for  fkll  OjpMlog. 


IDLE 

550  to  600*C 
(1202*  F)  MAX 

MILITART 

080  (^^‘C 
lW*g)*F 

Unite  for  eteailty> 
state  operation.  For 
overteiBperatare  lUnlte 
dnrlBf  start  aad  other 
thae  start,  see 
Malatenaaoe  T.O. 

OIL  PRESSURE 

IDLE 

5  pelf  (MIN) 
20pelg(MAX) 

On  eold  slaits,  op  to 
186  paif  la  allonad. 

MILITARY 

20  pelf  (MIN) 

50  pelf  (MAX) 

Not  owro  than  10  pelf 
(MAX)  oinafs  from 
Normal  Is  alloared. 

FLUCTUATION 

12  pelf 

10  pelf  (MAX)  ohnfe. 

lONITiON  GENERATOR 
DUTY  CYCLE 

A.  2  mlnutee  oe, 

3  mlnHteeoll. 

2  mlttulee  oe« 

23  mienteeotf. 

SMeot  allher  oyola. 

B.  (altoreete)6 
miiutee  66 

edautee  Mf. 

FAM  LOflTATIOHB 

Mom  r»a  •  Umitid  to  106%  RPM  8toe^  Otato 
Wti«  Paaa  -  Umitod  to  100%  RPM  Otoady  State 


NOTE! 


See  Section  I,  SiiLsection  2. 0  foi  overspeed  pro¬ 
tection  system. 


8. 1 . 3  Weight  Range  and  Center  of  Gravity 
8. 1.3.1  Weight  and  Balance 

The  ranges  oi  weight  and  center  of  grnvity  within  which  the  airplane  may 

be  safely  operated  are  pi esented  in  the  Reference  3". 


Low  fuel  does  not  adversely  affect  the  balance  or  stability  ctf  the  airplane. 

8. 1.3. 2  Use  of  Ballast 

ProfvtslOBa  for  removable  balla3t  have  been  Incorporated  in  the  aircraft. 
It  the  aiiplane  c.  g.  riiould  exceed  the  forward  limit,  load  ballast  may  be 
Installed  on  the  platform  and  retaining  bolts  provided  in  the  aft  electrical 
compartment  at  approximately  Fuselage  Statlun  481.  A  maximum  of 
200  pciiwHf.  may  be  lisntalled,  as  ahavi'a  on  Ryan  Drawing  143D068. 

Shcnld  the  aft  c.  g.  limit  be  exceeded,  ballast  up  to  600  pounds  may  be 
added  at  the  observer's  or  Instrumentation  locution. 

8. 1.3.3  Empty  Weight 

The  empty  weight  and  corrosporiding  center  of  gravity  location  shall 
include  all  fixed  ballaat,  the  unusable  hiel.  undrainaUe  oil  and  hydraulic 
fluid.  The  weight  and  location  of  the  above  items  (not  ••‘eluding  ballast) 
and  items  of  equipment  may  be  found  in  R<;f*rence  J7 


8. 1.3.4  Maximum  Weight 

The  maximum  design  weight  of  the  airplane  la  0200  pounds  at  the  limit 
load  factor  of  4. 0  (ultimate  6.0).  The  weight  may  be  increased  above 
0200  if  the  load  factor  is  proportionally  reduced  so  the  0  W 

product  remalna  conMasi. 


9* 


8. 1.3.5  Minimum  Well 


The  minimum  weight  for  the  eirplene  ie  8236  pounds. 

8.1. 3. 6  Center  of  Orsvlty  Poeitioo 

With  no  ftiel  in  the  extended  rtnge  bdly  tsnk,  it  is  not  possible  to  exceed 
the  0.  g.  limits  if  the  empty  fhel  >  geer  down,  and  fhU  ftiel  -  gesr  up, 
o<mditioQS  are  within  limits,  and  providing  Mel  is  oonsumed  eqnalty 
from  the  forward  and  alt  tanka. 

Witii  the  eatendsd  range  belly  tank  ftitf  aboard,  it  is  possible  to  smesd 
the  center  of  gravity  limits.  Proper  loadtog  and  reoommesded  AmI 
oonsumption  for  this  oondltloa  may  be  derived  from  the  Ceater  of  Oravity 
Travel  Graph  on  Page  151  of  Reference  37. 


9.0  REUABILITY  DATA 


9.1  SIMULATOR  COMPONENT  FAILURE  STUDY 

$.1.1  Scope 

This  seotian  of  the  fli^tworthiness  report  presents  the  results  of  an 
investigation  of  the  effects  of  simulated  oon4>onent  failure  in  the  XV-6A 
flight  Research  Aircraft.  The  purposes  of  this  investigation  include 
the  effects  of  component  failures  on  system  performance  and  aircraft 
behavior  to  establish  envelopes  of  recovery  ci4>abilitieSt  and  development  of 
recovery  techniques  and  familiarization  of  pilots  with  failure  symptoms 
and  recovery  procedures.  (Refer  to  Reference  38  for  a  conplete 

description  of  simulator  configuration  and  data  limitations). 


9.1.2  ConqxHient  Failure  Mode  Analysis 

The  first  part  of  the  failure  mode  analysis  was  to  review  each  airplane 
system  to  identify  those  oomponent/system  failure  modes  most  likely 
to  occur,  and  most  likely  to  adversely  affect  airplane  operatioa.  This 
review  identified  85  oomponent/system  failure  modes.  Further  anafyeis 
of  the  expected  effects  of  failure,  and  suitability  of  simulation,  resulted 
in  selection  of  45  significant  component/system  failure  modes  to  be 
investigated  on  the  simulator.  In  general,  those  failure  modes  not 
simulated  were  for  one  of  the  following  reasons: 

1.  The  failure  mode  was  beymd  the  scope  of  the  simulator  to  aooom- 
pllah  a  valid  simulation  due  to  oonfiguration  UmitationB,  or  the 
range  of  validity  of  the  simulator  controlling  data. 

2.  The  effect  on  the  airplane  of  failure  modes  of  several  different 
components  could  be  diq)llo:Ued  by  simulating  one  particular  com¬ 
ponent  failure  mode. 

3.  Some  component  failure  modes  were  found  to  be  not  hasardous  after 
the  effects  of  failure  analyslB  was  completed. 

The  results  of  the  oomponent/system  failure  mode  analyais  are  sum- 
marleed  in  Table  1  following.  The  effect  of  failure,  for  each  failure 
mode,  for  each  oomponent/system  is  presented.  Codes  were  asalgned 
to  each  failure  mode  to  elmplify  annotating  data  tapes. 


TABLE  1 

COMPONENT  FAILURE  MODES 


SYSTEM  OR 
COMPONENT 

FAILURE  MODE 

CODE 

EFFECT  OF  FAILURE 

REMARKS 

Ou  OeDarttor 

1)  Reun  out 

2)  Plane  out 

Inatunt  gaa  power  loaa  Ineludlns 
hydraulic,  electrical  and  cooling 
blower  on  that  engine. 

Inatant  gaa  power  loaa,  hydraulic, 
electrical  and  ooolli«  blower  run 
down  aa  fkincllon  of  wtndmllllng. 

(Air  ruaiart  may  be  poaalble.) 

Modaa  1,  2,  and  3 
look  the  aame  on 
atmulotor.  (Air 
reatarting  oannot  be 
al  mutated. ) 

3)  No  aooeaaary  potrar 
from  pro  pad 

EI2 

Same  aa  1  above  plua  no  engine 
driven  fuel  pump  (atr  reatart  not 
poanihle). 

4)  Fuel  control 
oaelllatlon 

Ft 

Oaclllating  gaa  generator  RPM'a 
and  power  output 

Ilydraullo 

Syatam  No.  1 

1)  No  meohanleal  power 
power  Input,  or  no 
hydraullo  power  out 
due  to  pump  failure 
or  fluid  loaa. 

« 

Loaa  of  following  fUnollona; 

a.  Pttoh  Bxia  atablllly 
augmentation 

b.  Normal  laadli^  gear  operation 

n.  Thruat  apoller  aotuallon 

d.  Slightly  iBorenacd  time  eon- 
atanta  (or  remaining  hydraulle 
ayalem  functlona, 

*  Not  Blmulated  be- 
eauoe  prevtoua 
almulatlon  work 

Indleatad  no  problema 
and  preoaura  loaa 
alwaya  part  of  aingle 
engine  failure. 

Hotel  1.  Stab.  Aug. 
(allure  done  aepa- 
rately  (oae  run  eodea 

A3,  B3  and  B4). 

UydruiUc 

Syatein  No.  2 

1)  No  mechanical  power 
Input,  or  no  hydraulic 
power  out  due  to  pump 
failure  or  fluid  loan. 

• 

Slightly  Inoreaaed  time  oonalanta 
for  hydraullo  functlona  In  tandem 
with  Hydraulic  Syetem  No.  I. 

*  Same  aa  Hydraulle 
syatem  No.  1  eaoept 
doea  not  affeot  pitoh 

SAS. 

1  HorlEonUI 
SUiblllzer 
Control 

1}  Immobile  actuator 
(mechanical) 

2)  Directional  control 
valve  coll  circuit  open. 
(Either  coll  -  l.c.  up 
or  down  -  In  either 
valve  -  I.e.  No,  1  Ilyd. 
or  No.  2  Ilyd.  Syatem) 
or  elttier  valve  Jammed 
In  neutral. 

EI3* 

Et4* 

Fixed  pitch  trim  condition  and 
converelone  not  poeelble. 

Stoblllaer  travela  at  alower  (aingle 
eyatum)  rate  In  dlreotlon(a) 
affected. 

.  *  (E13  upoctlopen) 

*  (E14  down  ooll  open) 

3)  Control  valve  hard  over 
(ulcolrloal  abort  or 
mechanically  Jammed) 

El* 

E2* 

Runaway  atablllaer  In  dlreetlon 
affected. 

*  (El  bard  down) 

*  (E3  hard  up) 

4b)  Bypaaa  valve  (>6 

reatrlctor)  failed  open. 

E4 

a. )  CTOL  trim  rate  (eater  than 
nominal  rale,  VTOL  and 
oonvaralon  trim  rataa  normal. 

No  high  epead  CTOL 
elmulationa  to  teat 
affeot  of  failure. 

4b)  Failed  cloaed 

• 

b.)  CTOL  trim  rate  normal,  VTOL 
and  oonverelon  trim  rataa  laaa 
than  nominal  (may  or  may  not 
affect  converaton  oapablllty) 

•  (See  EtS  and  E22) 

TABLE  1  (Continued) 


SYSTKM  OK 

C'OMI'UNI'NT 

KAII.UKK  Muni’; 

COIJF 

KFFKC"!  of  failuiif 

RFMAniCS 

lluruuiitul 

.Slulilllzcr 

C.'oturol  (Cuiit'tl.) 

!iu)  ilypusH  vulvv  (-J 

rt'HtrIctor)  fulliil  upt-n. 

9 

u.)  Conversion  trim  rule  norms), 
CTOI.  VTOI.  trim  rales  faster 
than  nomlnul. 

•  Similar  to  E4 

ib)  Fulled  closed 

9 

b. )  CTUL  and  VTOI.  trim  rates 
normal,  conversion  trim  rste 
less  than  nominal  (may  or  may 
not  affect  conversions). 

*  Similar  to  E4 

<<i)  *llolh  bypiiss  control 
Vttlves  fulled  open  (In 
one  hydruullc  system 
only). 

a.)  Conversion  trim  rate  normal, 
both  CTUI.,  VTUI.  trim  rules 
faster  than  nomlnul.  (Oreutost 
effect  In  high  speed  fllKhl.) 

*  Double  failure. 

Note:  High  speed 
(CTOL)  flight 
failures  not 
simulated. 

3b)  FulU'd  cIoiickI  (In  unu 
hydruullc  uyfllcm  only). 

F22 

b.)  CTOI.  trim  rule  normal,  both 
VTOI.  and  conversion  rates 
less  than  nominal. 

Til)  Stublllzer  rule  switeli 
fulled  short. 

1.17 

H.)  IVrmItu  cunvurulon 
of  ulabilluci*  Irim  i‘u(u. 

7b)  Fulled  open. 

KlU 

Ii. )  Interrupts  conversion  ritcardlesa 
of  stublllzer  trim  rate. 

Hu)  Conversion  (loslllon 
limit  swIUli  rulle<l 
open. 

• 

u. )  No  sinblllzer  driver  from  (he 
affected  hydraulic  system. 

*  Failure  effect 
same  as  directional 
control  valve  open 
ooll  (see  E19  and 

E14). 

Hb)  Fiitleil  short 

• 

b. )  Overrun  pruKruinmed  conversion 
cycle  cml  point.  MlKiilflcunt  only 
durliHf  CI'UI.  lo  VTOI. 
conversions. 

*  Not  simulated 
because  of  potential 
damogo  lo  actuator. 

till)  Htlck  KClp  trim  swileh 
fulled  open. 

9 

a.)  No  pttch  trim  cliuiiKe  possible 

In  direction  uffi'Oted. 

*  Nut  oonsldcred 
ostastropldo  failure. 

tib)  Fulled  sliort 

9 

b.)  Itunuwny  sinblllzer  In  direction 
uffecU*d. 

Similar  lo  control 
valve  hsrdovor  or 
Jammed  (Kl  and  E2). 

ttl)  Conversion  trim  rule 
loo  slow 

9 

Interrupted  conversion  (diverter 
valves  uunnut  obnnKe  due  to  low  rate 
then  stiddllzer  proRruin  Is  slopped 
beoaus.'  diverter  valves  do  not 
ohnnKe). 

*  Similar  lo  hT6 

11)  Diverter  Vsives 

NU  UO 

9 

Interrupted  conversion  (slsbllUor 
proKrum  slupptvl  beoouso  diverter 
valves  do  not  ohanKu). 

*  Similar  to  KIS 

TABLE  1  (Continued) 


SYSTEM  OK 
COMPONENT 

FAILURE  MODE 

CODE 

EFFECT  OF  FAlLUItE 

HEMARKS 

Stability 

1)  Single  axis  no  output 

Bl) 

Luas  of  stabllizotbrn  In  that  axis. 

Overall  effect  on  air- 

Augmentation 

tii) 

plane  flying  qualities 

Syatem 

113) 

uncertain. 

2)  Single  axis  hard 

Al) 

Apparent  trim  cluuige  in  axis 

Overall  effect  on  air- 

over 

A2) 

affected  followed  by  no  stoblli- 

plane  flying  qualities 

A3) 

zutiun  in  thiit  axis. 

uncertain. 

3)  All  axes  dead 

U4 

No  stability  augmentation  (most 

Overall  effect  on  air- 

critical  ut  lower  VTOL  speeds. 

plane  flying  qualities 
uncertain. 

4a)  Miuieuverlng  switch 

02* 

u)  No  change  from  holding  gain  to 

Aircraft  is  expected 

fulled  open. 

maneuvering  gain  In  1/2  .ixls 

to  feel  "stifler”  In  half 

otfected. 

axis  affected. 

*(AII  SAS  cliannels  in 
hold  was  simulated  fall.) 

4b)  Maneuvering  switch 

m‘ 

b)  No  change  from  maneuvering 

Aircraft  la  expected  to 

(uiied  closed. 

gain  to  holding  gain  in  half 

feel  looser  In  half  axis 

luls  affected. 

affected. 

*(AII  SAS  channels  In 
immcuverlng  was  failure 
simulated. ) 

So)  Eleutru/ilydruuiiu 

Cl 

u  and  l>)  No  a|ipreulublu  effects  due 

(Roll/Yuw  only) 

servo-vulvo  coll 

to  briilge  circuit  in  rull/yuw  axes 

failed  open. 

ami  paralleled  culls  In  pitch  iUls. 

&b)  Cull  (ailed  sliort 

(ia)  Single  eleutro/ 

« 

ii)  Small  trim  change  followed  uy 

*  See  single  axis 

hydraulic  servo- 

small  reduction  of  8AS  galti  In 

valve  hard  over 
(Eleclrleal,  hy¬ 
draulic ,  or  iiiechiui- 
Iciil)  In  roll/yuw 

roll/yaw  axes. 

ilAUH. 

(ill)  Pitch  axis. 

• 

b)  Trim  chiuigu  In  direction  uflucted 

*Sue  single  axis  hard 

ftiUuwvtl  by  no  |sitch  imIm 

over. 

7a)  No  hydraulic  laiwer 

• 

a)  luHs  ol  pitch  axis  si  iliilUatlun 

*Nu  spuclal  ruit.  See 

(rum  No.  1  liyili  uu- 

luid  ruihiced  gain  In  ndl/yaw 

single  engine 

lie  System. 

uxen. 

recoveries. 

7b)  From  N<i.  2 

• 

b)  Iteduced  stulillUutIun  gain  In 

*Sume 

llydruulie  System. 

roll/yuw  axes. 

Uuth  rull/yuw  colU  |wi 
one  hnivor  servo- 
sctuulur)  0|ien 

C3 

Teat  lai  simulator  (or  (light  effeeU. 

Uuth  roil/ynw  culls  |uu 
unu  luuvur  servu- 
uctuatur)  shurte<l. 

L— — 

C4 

Teat  <m  simulator  lor  (light  •ffecU. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


T 


I 


I 


TABLE  1  (Continued) 


SYSTEM  OR 
COMPONENT 

FAILURE  MODE 

CODE 

EFFECT  OF  FAILURE 

REMARKS 

Stoblhiy 
AugiMitUUoo 
Syatem  (Cant'd.; 

One  roU/yaw  coil  open  and 
one  ooti  abort  (on  one 
aervD-actuator). 

C6 

Teat  on  almulator  (or  effect. 

Throttle  Cut- 
Baok  Syetem 

1)  Pilot  permlta  (an 
overapeed  coodltion 
to  develop. 

F2 

Throttle  aettlng  automatically  reduced 
to  70%  power  poaltlon  on  both  engtnaa. 

2)  Fulae  overapeed 
aignal. 

ElO 

Throttle  aettlng  automatically  reduced 
to  70%  power  poaltlon  on  both  englnea. 

3)  Overopeedlng  (an(a) 
not  alowed  doam 
auRlclently  to 
aooompllah  react. 

* 

Both  throttiea  cut -back  to  70%  power 
aettlng  when  react  button  rcieaaed. 

*Not  almulated 

Diverter  Vulvee 

1)  CTOL  to  VTOL  firat 
motion  interlock 
awitoh  failed  abort. 

F3 

Stablllaer  control  circuit  oaea 
diverter  valve  In  VTOL  poaltlon  if 
true  or  not  (and  arould  continue  pro- 
arammed  trim  chonite  without 
diverter  valve  operation). 

Requlrea  double  (allure 
to  be  a  problem  (a.g. 
diverter  valve 
"NO  00"). 

2)  VTOL  to  CTOL  (Irat 
motion  Interlock 
awitoh  (ailed  abort. 

F4 

Same  aa  F3  except  control  circuit 
oeea  diverter  valve  In  CTOL  poalton. 

Same  aa  above 

3)  Diverter  vulva  ae- 
quenclng  time  delay 
relay  failed  abort 
(CTOL  to  VTOL  only) 

F6 

Diverter  valve  operatea  0. 3  oeoond 
early  (concurrent  with  atoblllaer 
"programmed  rote"  aignal,  l.e.  No 
time  delay). 

4)  Diverter  valve  time 
delay  relay  (alia 
open. 

Ft 

Interrupted  converalon  from  con* 
ventlonul  mode  to  (an  nmide  duo  to 
no  diverter  valve  operation. 

Wing  Fui 

Ouora 

1)  Door(al  (all  to  open 
(CTOL  to  VTOL) 

# 

Interruptod  oonveralon.  Poealble 
adverae  roll,  pilch  or  yaw  momenta 
during  attempted  oonveralon  maneu¬ 
ver  (16  poealble  oomblnatlona  of 
eventa) 

*Not  able  to  almulato. 

2)  Ooor(a)  (all  to  olooe 
(VTOL) 

FT* 

Poealble  adverae  roll,  pitch  or  yaw 
momenta  alter  oomplotlon  of  oon- 
voralon  maneuver  (16  poealble  oom¬ 
blnatlona  of  eventa). 

*Not  able  to  almuinta. 

Thruat 

Spottar  Ooora 

Om  door  (alia  to  deploy 
or  deployment  angle 
grciUy  raduoea. 

Aaymmetrlo  thruat,  reauRIng  In 
unoontrollabla  yawing  moment. 

*Unabla  to  almulato. 

Thruat  Vector 
Aotunlor 

la)  Fan  moda  Interlock 
awitoh  (ailed  open. 

rio 

htorrupta  CTOL  to  VTOL  oonveralon 
and  "Intarlooka  No-Oo"  annunciator 
IlghU  (between/) y  -  46*  -»0*;  no 
affect  at  fly  <  *>*)• 

(Programmer  nwltoh 

A  or  C) 

lb)  Foiled  abort 

* 

No  effeot  during  normal  two  nlap  oon- 
veralon  (booauao  louvora  are  ahrayn 
opened  to  48*  before  ocnvoralon  la 
commanded). 

*Nat  atmulated.  Nolai 
Oonveralon  oould  oooer 
at  >  4S*  If  oom- 
atanaodfl.o.  mSo 

oonveiD. 
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TABLE  1  (Continued) 


SYOTEM  OR 
COMPONENT 

FAILURE  MODE 

CODE 

EFFECT  OF  FAILURE 

REMARKS 

Tbruat  Vector 

Actuator 

(Coat'd.) 

Sc'  Conventional  mode 
Interlock  ewiteb 
failed  short  (7*  to 

45r 

2b)  Failed  open  (45*  to 
»0*^^) 

.♦ 

Fll 

a)  Permits  inadvertent  VTOL  to 
CTOL  conversions  at  less  than 

=  46*. 

b)  Prevents  conversion  to  CTOL 
(closed  circuit  is  first  condi¬ 
tion  required  for  conversion) . 

(Progr&tnmer  switch  E 
or  0) 

*Not  simulated  -  no 
direct  malfunction  re¬ 
sults  from  failure. 

3a)  Vector  louver  con¬ 
trol  "open"  failed 
open  (-7*  to 

♦46*^v>- 

Ll 

Pilot  unable  to  command  reduced 
vector  angle  (sets  minimum  fan 
mode  forward  speed). 

(Progranuner  switch  M) 

3b)  Failed  abort  (45* 
to  ao*) 

Permits  beep  switch  to  open  louvers 

In  CTOL. 

'Did  not  simulate. 

4n)  Auto  open  switch 
failed  short  (-7*  to 

« 

u)  Permits  louvers  to  devector  to 
-7*.  and  at  end  of  stroke  actuator 
could  burn  >jp  or  blow  out  circuit 
breaker. 

This  failure  would  not 
cause  flight  problem  as 
a  single  failure.  (Pro¬ 
grammer  switch  K) 

*Not  simulated  (sim- 

4b)  Failed  upon  (45* 
toao*^  ) 

fy' 

b)  Ciumot  put  aircraft  in  preecn- 
version  cunfigurutlon  because 
louvers  (vector  actuator)  cannot 
be  moved  to  /iy  -  45*  position  to 
close  45*  biterlock. 

ulator  always  In  pre- 
converslon  configuration. 

5u)  Autu-Close  switch 
fulled  open  (-7*  to 

*0Oy). 

• 

u)  Louvers  nut  close  after  VTOL  to 
CTOL  conversion. 

(Programmer  switch  J) 
*Not  simulated  -  same 
reason  as  4b  and  be¬ 
cause  not  major  prob¬ 
lem  In  flight. 

6b)  Fulled  short. 

K7' 

b)  Permits  louvers  to  vector  to 

DO*,  and  at  end  of  stroke  actua¬ 
tor  could  iHirn  up  or  blow  cir¬ 
cuit  breaker. 

(*K7  Check  Switch  or 
relay. 

tfu)  Vector  louver  cun- 
trul  closed  switch 
fulled  open  (-7* 
to  '45*/Jy). 

(lb)  Fulled  slKirl  (■'46* 
to  'HO*^^. 

F12 

u)  Pilot  unable  to  oonunund  In- 
croused  vector  angle  (sets 
maximum  forward  speed) . 

Purmits  vector  trim  switch  (stick 
grip)  to  drive  louvers  beyend  45*. 

(Programmer  switch  U 
*Not  simulated. 

7u)  Throttle  uutbuek 
Inlurtouk  switch 
failed  short  (-7*  to 
'SO*/!,), 

Eli 

Throttle  cutback  could  occur  (not 
Interlocked  uu4  ut  low  vootor 
angles. 

(Programmer  awitoh  R) 

7b)  Fulled  open  ('SO*  to 
'46*/)y). 

Throttle  culbaok  not  available  If 
required. 

•Not  simulated 

TABLE  1  (Continued) 
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SYSTEM  OR 
COMPONENT 

FAILURE  MODE 

CODE 

EFFECT  OF  FAILURE 

REllARKB 

Thriiat  Vector 

Actuator 

(Cont'd.) 

7o)  Fulled  abort  (45*  to 

90*  dy). 

0)  Throttle  cutback  possible  In  both 
CTOL  and  VTOL  (not  Interlooked 
out). 

*Nct  simulated 

ea)  Trim  control  Inter¬ 
lock  switch  fulled 
short  (-7*  to  +20* dy). 

• 

a)  Fan  trim  and  automatic  atlok  trim 
functions  disabled.  Stick  (rip 
trim  switch  operates  aerodynsmlo 
trim  functions. 

*Not  simulated 

Sb)  Failed  open  (20* 

to46*dy). 

b)  Stick  grip  trim  functions  disabled, 
suck  grip  (an  trims  and  suto- 
matlo  stick  trim  functions 
operate. 

i 

i 

1 

* 

80)  Failed  short  (46* 
to  •0*d^. 

• 

o)  Same  as  Oa.  but  unly  when  mods 
select  switch  la  la  "FAN'* 
position. 

*Not  simulated 

Inoreaaing  vector  anule 
runaway  (-7*  to  ♦48*dy)- 

LS 

Pilot  may  not  be  able  to  mslatsln 
altitude  as  veotor  angle  Inoreaaes. 

Deoreaalnit  vecior  UMsIe 
runaway  (-7*  to  ♦46*dy)- 

LO 

No  edvorse  effect  eapeoted.  verify 
on  simulator 

Flatta 

Asymmetric  Deployment 

Adverse  roll  and  yaw  momenta  pro¬ 
portional  lo  the  magnlluds  of  asym¬ 
metry  (aerudynamlo  data  Indloatas 
adverse  roll  moment  greater  than 
aileron  roll  moment). 

to  stowiltos 

Oontrola 

1)  Oomiilsts  loss  of 
allsr  m  boost  posror 
(CTOL  only). 

« 

1)  Rod  power  reduced  to  sero- 
dynamlo  servo-tab  oapabtUty 
only. 

•UiaMe  to  etmulals 

2)  Forward  louver 
torque  tube  "open". 

Kt 

2)  Reduced  roU/ynw  control  power 

In  (an  mods. 

3)  All  kMiwr  torq«w 

K2 

2)  Raduoed  roll/yaw  ocntrol  power 
la  (an  mode. 

4)  "Opan"  lift 

system 

M 

4)  No  aftttuds  ocntrol  wlh  lift 
stick  (must  depend  on  Ikroftle 
ocatroft. 

Mute  lo  pOoli  miM»r 

M 

•)  No  puck  ooelrol  St  low  Ise  mods 

9.1.3 


Failure  Simulating  Controls 


Failures  were  induced  in  three  ways:  by  removing  bolts  from  the  simu¬ 
lator  hardware,  by  manipulating  the  analog  computer  controls,  and  by 
inatnlHng  control  panels  to  simulate  various  electrical  and  hydraulic 
failures.  Electrical  failure  control  boxes  are  shown  in  Figures  48,  SO, 
53  and  54.  Figure  48  shows  the  stabilizer  control  panel.  This  panel 
permitted  simulation  of  all  stabilizer  directional  and  rate  control  valve, 
and  rate  sensing  transducer  failures.  Figure  50  shows  the  control  panel 
used  to  simulate  switch  failures  in  the  thrust  vector  actuator  program¬ 
mer.  Figures  53  and  54  show  the  two  stability  augmentation  system 
failure  control  panels.  Simulated  louver  servo-valve  coil  open  and  short 
circuits,  and  integrator  cutout  switch  open  and  short  circuits  were  in¬ 
troduced  by  these  panels. 

9.1.4  Flight  Plans 

Three  basic  flight  plans  were  utilized  for  this  study.  They  were  de¬ 
signed  to  accomplish  pilot  and  airplane  exposure  to  random  failures 
throughout  the  fan -powered  flight  regime;  ccxiversions  in  both  directions 
and  in  the  preconversion  configuration,  or  to  produce  special  conditions 
for  certain  specific  failures. 

9. 1.4.1  General  Flight  Plan 

A  general  flight  plan  was  utilized  for  most  of  the  failure  study.  This 
flight  plan  sUirted  with  f.nn -powered  flight  at  300  feet  altitude  and  0  knots 
velocity.  This  was  followed  by  a  standard  routine  of  climbing  and  de¬ 
scending  360*  turns,  vectoring  and  devectoring.  :uid  convorsiem  in  both 
directions.  The  flight  plan  was  divided  into  18  phases,  and  was  flown 
continuously  until  a  failure  forced  a  change,  or  deviations  were  called 
for  to  further  randomize  the  routine. 

To  further  simulate  on  actual  flight  situation,  the  pilot  was  required  to 
regularly  state  his  flight  condition,  the  airerstft  position  with  respect  to 
the  terrain  (i.e.  visual  display)  and  his  intentions.  The  pilots  were  also 
instruoted  to  indicate  all  suspected  trouble  when  first  deteotsd,  snd  thsn 
follow  up  with  a  description  of  his  diagnosis  and  corrective  scUon. 
Failures  were  introduced  randomly  and  without  notice  to  the  pilot. 

9.1. 4. 2  Single  Engine  Recovery  Envelope 

Before  the  actual  simulated  failure  program  wae  run  on  the  simulator, 
both  the  fan  mode  single  engine  recovery  procedure  and  recovery 
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envelope  were  developed.  This  was  accomplished  by  using  the  following 
flight  plan.  Each  flight  was  initiated  with  altitude  fixed  at  1000  feet  with 
single  engine  power,  and  the  airplane  trimmed  for  balanced  fli^t  at  that 
specific  speed  point.  Single  engine  failures  could  not  be  simulated  for 
trimmed  speeds  less  than  0^  =  10*  due  to  computer  data  limitations. 

9. 1.4.3  Special  Maneuvers 

Two  special  maneuvers  were  flown  at  0^  =  45*  in  order  to  deliberately 
approach  fan  stall  and  induce  fan  overspeed  cutbacks.  One  maneuver 
was  phugold  to  simulate  high  speed,  high  angle  of  attack  conditions.  The 
other  was  maximum  straight  and  level  speed  in  fan  mode. 

9.1.5  Failure  Recovery  Criteria 

Recovery  criteria  for  this  test  program  was  established  on  the  basis  of 
airplane  characteristics.  An  unsuccessful  recovery  (crash)  was  defined 
as  ground  contact  with  a  sink  rate  greater  than  10-feet  per  second  and/or 
an  unrecoverable  stall.  Stall  was  defined  as  occurring  at  15*  angle  of 
attack.  All  other  failure  recoveries  were  considered  successful.  The 
10-feet  per  seocmd  sink  rate  is  the  design  limit  load  for  the  landing  gear 
at  a  9200  pound  gross  weight. 

9.1.6  Fan  Mode  Single  Engine  Recovery  Envelope 
and  Recovery  Procedure 

The  XV -SA  is  unable  to  sustain  flight  in  the  fan  mode  with  only  one  engine 
operating.  The  objective  of  this  part  of  the  simulated  failure  program 
was  to  determine  the  boundary  of  velocity  vs.  altitude  r^on.  hi  thl^ 
condition,  if  one  engine  should  fail,  the  pil(^  would  be  unable  to  accxim- 
plish  a  safe  landing  within  the  limits  as  defined  in  Paragraph  9.1.6. 

The  speed  range  from  23.3  knots  (10*  0^  through  73  knots  (40*^^  )  was 

investigated.  A  variety  of  fligltf  paths  and  pilottng  techniques  were  tried 
at  each  speed  point.  Sink  rate  veraus  altitude  data  was  plotted  on  an 
X-Y  plotter  (or  each  test  point.  FTom  this  data,  an  opCtmiasd  recovery 
procedure  was  developed  and  the  minimum  recovery  envelope  was 
derived. 


V 


1  CONTROL  VECTOR 


ICfWTROL  VECTOR 


AUTO  VECTOR  OPEN 


AU^ro  VECTOR  CLOSE 


TRIM  CONTROL  INTERLOCK 


NORMAL 


normal 


NORMAL 


TRIM  CONTROL  INTERLOCK 


♦  open  I  throttle  cutback  interlock 


TRIM  CONTROL  INTERLOCK 


•  OPEN 


PRIMARY  SYSTEM  MODE  INTERLOCK  CONV. 


TRIM  Ci.'NTROL  INTERLOCK 


•  OPEN 


STANDBY  SYSTEM  MODE  INTERLOCK  CONV. 


TRIM  CONTROL  INTERLOCK 


•  OPEN 


PRIMARY  SYSTEM  MODE  INTERLOCK  FAN 


TRIM  CONTROL  INTERLOCK 


STANDBY  SYSTEM  MODE  INTERLOCK  FAN 


Figure  51  Thrust  Vector  Actuator  Control  Panel  Schematic 


7J1 


7P1 


NORMAL 

A 

OPEN^ 

A 

B 

■  ■■■  A  - 

B 

' SHORT 

D 

^  SHORT 

- .  —  ^  A 

•n 

’OPEN^ 

^  - - 

u 

NORMAL 

Figure  52  Louver  Servo  Valve  Coil  Failure  Control  Panel  Schematic 


Figure  53  Louver  Servo- Valve  Coil  Failure  Control  Panel 


Figure  54  Integrator  Cutout  Switch  Control  Panel 
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Figure  55  Integrator  Cutout  Switch  Control  Panel  Schematic 
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9. 1.6. 1  Fan  Mode  Single  Engine  Recovery  Procedure 


A.  Between  60  knots  and  conversion  speed,  use  excess  speed  for 
altitude  and  sink  rate  ccsitrol  to  achieve  60  knots  minimum  STOL 
landing. 

1.  If  conditions  permit,  hold  75  knot  glide.  This  will  permit  hold¬ 
ing  zero  fpm  sink  rate  for  four  to  five  seconds  following  landing 
flare. 

B.  At  60  knots  and  less  the  standard  single  engine  recovery  is: 

1.  Immediate  pushover  to  accelerate  aircraft  (normal  nose  down 
tendency  due  to  reduced  power  will  help) . 

2.  Maintain  approximately  zero  degrees  a  and  accelerate  to 
60  knots. 

3 .  Roundout  minimum  altitude  is  80  feet. 

4.  Flare,  to  hold  sink  rate  at  600  fpm  or  less  at  touchdown. 

The  recovery  envelope  is  shown  in  Figure  56.  Shown  also  is  a  discon¬ 
tinuous  line  marked  "Hold  600  Per  Minute."  Several  flights  were  com¬ 
pleted  in  the  flared  condition  smarting  fi'om  this  initial  velocity  at  failure. 
The  aircraft  was  flown,  in  all  cases,  for  altitude  losses  of  200  feet  or 
more  before  stall  occurred. 

9.1.7  Simulator  Test  Cases  and  Other  Data 

Table  2  is  a  summary  of  the  complete  simulated  failures  program.  Each 
failure,  if  successfully  recovered  or  not,  imd  the  flight  phase  is  indicated 
on  this  table.  The  eight  categories  for  the  45  failure  modes  are  also 
shown.  Each  category  is  briefly  discussed.  The  significant  failure 
modes,  flight  conditions,  failure  symptoms  and  recommended  corrective 
action  are  indicated.  Updating  is  also  included  and  is  based  on  material 
that  has  been  derived  from  systems  failure  analysis  conducted  after 
completion  of  the  simulated  failures  tests,  and  from  the  actual  Phase  I 
'Tight  Test  Program. 
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9 . 1 . 7 . 1  Stability  Augmentation  System 


In  general,  no  major  problems  could  be  detected  with  respect  to  stability 
augmentation  system  failures  tliroughout  the  entire  fan  mode  flight 
regime.  This  insensitivity  to  failures  included  inoperative  single  axis, 
inoperative  multiple  axes,  and  single  axis  hard-over  signals.  Hard-over 
signals  result  only  in  a  biased  displacement  of  the  affected  control,  as  if 
a  trim  change  had  taken  place.  This  is  accompanied  by  an  apparent 
looseness  in  the  affected  control  axis.  Single  axis  inoperative  failures 
appear  in  the  same  manner,  but  without  the  trim  change  effect.  Most 
single  component  failures  were  practically  undetectable 

Airplane  flying  qualities  and  pilot  workload  during  SAS  failures  was  not 
well  reported.  Subsequent  information  indicates  that  aerodynamic  sta¬ 
bility  looses  its  effectiveness  below  40  knots. 

9. 1.7. 1.1  Significant  Failure  Modes  and  Recommended  Corrective 
Action 


A.  Primary  Channel  Dead  (all  3  axes) 

1.  Flight  Conditions 

a.  VTOL,  less  than  40  knots.  Note:  Above  40  knots 
aerodynamic  stability  effective. 

2.  Failure  Symptoms 

a.  Stability  looseness  ns  velocity  decreases  below  40  knots, 
approaching  uncontrollability  as  hovering  is  approached. 

(1)  Roll  problem  below  40  knots 

(2)  Pitch  problem  below  30  knots 

(3)  Yaw  relatively  no  problem,  even  at  hover 

3.  Corrective  Action 

a.  Select  STANDBY  SAS  (switch  on  control  stick) 

4.  Flight  termination  for  VTOL  flight  below  40  knots. 

CTOL  flight  plan  may  be  resumed.  Hover,  STOL  or 
o<xiversion  to  CTOL  for  landing  optional. 
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B.  Single  Axis  Hard-over 

1.  Flight  Conditions 

a.  VTOL,  less  than  40  knots  (roll)  or  30  knots  (pitch)  depending 
on  axis  affected. 

2.  Failure  ^mptoms 

a.  Trim  change  in  axis  affected  accompanied  by  stability 
looseness  in  that  axis  as  described  above. 

3.  Corrective  Action 

a.  Select  STANDBY  SAS 

4.  Flight  termination  for  VTOL  flight  below  40  knots.  CTOL 
flight  plan  may  be  resumed.  However,  STOL  or  conversion  to 
CTOL  for  landing  optional. 

9. 1. 7. 2  Horizontal  Stabilizer  Control 


Stabilizer  runaway  trim  as  simulated  by  directional  oontrol  valve  bard 
up  and  hard  down  signals  was  the  only  significant  "single  failure"  mode 
in  this  category.  By  the  time  the  pilot  could  diagnose  the  nature  of  the 
problem,  effective  corrective  action  was  quite  unlikely.  A  combinatitm 
audible  warning  (in  the  pilot's  headset)  and  a  visual  warning  (on  the 
instrument  panel)  proved  effective  in  reducing  pilot  recognition  time, 
and  Improving  corrective  acti(m.  This  warning  system  was  subsequent¬ 
ly  incorporated  in  the  airplanes.  (See  Paragraph  9. 1. 7. 8  for  other 
effects  of  stabilizer  problems. ) 

9. 1.7. 2.1  Horizontal  Stabilizer  Failure  Modes  and  Corrective  Actiw 
Recommendations 

A.  Runaway  (nose  down  trim) 

1.  Flight  CondHtons 

a.  CTOL  mode 


b. 


Preoonversion  mode 


2 .  Failure  Symptoms 

a.  Stabilizer  motion  warning;  light,  sound  and  trim  indi¬ 
cator  moving  in  nose  down  direction. 

b.  Increasing  nose  down  trim  (1/4°  -  1/2°  per  second 
stabilizer  travel). 

3.  Corrective  Action 

a.  Immediate  corrective  action  required. 

b.  Simultaneously  select  emergency  stabilizer  trim  and 
nose  up  trim.  Retrim  on  emergency  trim  as  required. 

4.  Flight  termination  recommended. 

5.  Conventional  laixling  may  be  made  in  either  CTOL  or  pre¬ 
conversion  configuration. 

6.  Conversion  not  pt.'ssible  with  emergency  trim  selected. 

(Wing  fan  doors  o)«n  and  cycle  stops. ) 

7.  If  conditions  permit,  STANDBY  Conversion  Control  Interlock 
System  may  be  selected  to  restore  cmitrol  stick  pitch  trim 
switch  authority;  proceed  as  follows: 

a.  Select  STANDBY  (lift  stick  switch). 

b.  Test  STANDBY  by  selecting  emergency  trim  off.  If 
stabilizer  still  moves,  select  emergency  trim  and  stay 
in  the  STANDBY  configuration. 

8.  Conversion  not  recommended  on  STANDBY  under  conditions 
of  single  system  capability. 

9.  Never  return  to  PRIMARY  after  selecting  STANDBY. 
Runaway  nose  up  trim 

1.  Flight  Conditions 


a.  VTOL  mode 


2. 


Failure  Symptoms 


a.  Stabilizer  motion  warning:  light  and  sound  and  trim  in¬ 
dicator  moving  in  nose  up  direction. 

b.  Increasing  nose  up  trim  (2.8°  per  second  stabilizer 
travel). 

3.  Corrective  Action 

a.  Simultaneously  select  emergency  stabilizer  trim.  Re¬ 
trim  on  emergency  as  required. 

b.  Immediate  corrective  action  required  above  30  knots. 
Note:  As  speed  decreases,  stabilizer  becomes  less 
effective  so  failure  becomes  less  critical. 

4.  Flight  termination  recommended. 

5.  STOL  or  hover  landing  may  be  made. 

6.  Conversion  not  possible  with  emergency  trim  selected. 

7.  If  conditions  permit,  STANDBY  may  be  selected  to  restore 
control  stick  pitch  trim  switch  authority;  proceed  as 
follows: 

a.  Select  STANDBY  (lift  stick  switch) 

b.  Test  STANDBY  by  selecting  emergency  trim  off.  If 
stabilizer  still  moves,  select  emergency  trim  and  stay 
in  STANDBY  configuration 

8.  Conversion  not  recommended  on  STANDBY  under  conditions 
of  single  system  capability. 

9.  Never  return  to  PRIMARY  after  selecting  STANDBY. 


9.1.7. 3.  Fan  Overspeed  Cutback 


No  problems  were  encountered  as  a  result  of  overspeed  cutbacks,  in¬ 
cluding  both  false  cutbacks  and  normal  cutbacks.  Cutbacks  are  regular¬ 
ly  encountered  during  actual  VTOL  flight  and  have  not  disidayed  any 
dangerous  characteristics. 

9. 1.7. 3.1  Fan  Overspeed  Cutback  Flight  Conditions  and  Symptoms 

A.  CTOL  to  VTOL  Conversion 

1.  Flight  r Auditions 

a.  Preconversion  configuration  at  87  -  97%  J-85  rpm  and 
105  knots. 

b.  Increase  J-85  rpm  to  98  -  100%  J-85  rpm  just  prior  to 
VTOL  mode  select  to  achieve  100%  fan  rpm  after  con¬ 
version. 

c.  If  J-85  rpm  power  setting  too  high  (102  -  103%  rpm 
normal  max.  power),  fan  over-speed  throttle  cutback 
will  occur  after  conversion. 

2.  Symptoms 

a.  Power  lever  stiffens. 

b.  Engine  and  fan  rpm  low. 

c.  Throttle  cutback  to  70%  power  setting  (89%  rpm) 

3.  Corrective  Action 

a.  Retard  throttle  levn'S  and  Reset  Power  (pushbutton 
switch  on  lift  stick). 

4.  Resume  flight  plan. 

B.  VTOL  Mode 

1.  Flight  Conditions 

a.  Vectoring  toward  45* . 
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2.  Failure  ^mptoms 

a.  Power  lever  stiffens. 

b.  Engine  and  fan  rpm  low. 

3.  Corrective  Action 

a.  Retard  throttle  levers  and  Reset  Power  (pushbutton 
switch  on  lift  stick) 

4.  Resume  flight  plan. 

9. 1.7.4  Gas  Generators 

Loss  of  power  from  one  engine  when  the  airplane  is  in  the  fan  mode  and 
inside  the  predicted  recovery  envelope  is  a  critical  failure.  However, 
most  failures  outside  the  recovery  envelope  were  recovered.  Flaring 
too  high  and/or  stalling  was  a  common  cause  of  nonrecovery. 

The  initial  conditions  for  aeveral  engine  failure  simulations  with  the 
results  are  shown  in  Figure  57.  Crashes  are  indicated  by  X.  Re* 
ooveries  (safe  landings)  are  indicated  by  CD 

An  oscillating  fuel  control  failure  resulted  in  significant  pilot  workload 
hicrease  tor  both  trials.  No  conclusions  for  appropriate  corrective 
actions  were  reached. 


9. 1.7.4. 1 


Success  criteria  siidi  ride  <  600  fpm  and  <  15*  o  . 

In  conveidional  or  preconversion.  Conventional  landing  as  is. 

During  conversloo  either  way.  Fan  or  coovsnlioiial  recovery 
optional. 

BsCwsen  60  knots  and  conversion  speed.  Use  eacess  speed  for 
ahitude  and  sink  rote  control  to  achieve  60  knots  minimuin 
STOL  landing. 

If  conditions  permit,  hold  75  knots  glide.  This  will  permk  hold- 
log  0  fpm  sink  rate  for  4  -  5  secooda  foilcwiag  landhag  flare. 


-  -  —  -MINIMUM  RECOVERY  CURVE 
——RECOVERY  CURVE  WITH  3+ 
SECONDS  ERROR  ADJUST 
D  SUCCESSFUL  RECOVERY 
0  CRASH 


2500  FEET 
HOT  DAY 
WEIGHT  9200  LBS. 
C.G.  245 
30%  NOSE  FAN 


! 
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Figure  57  Single  Engine  Out  Recovery  (Simulator  Reaulta) 
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F.  Below  60  knota  Standard  single  engine  fan  recovery. 

1.  Immediate  pushover  to  accelerate  aircraft.  (Normal  nose 
down  tendency  due  to  reduced  power  will  help. ) 

2.  Maintain  approximately  0*  ot  and  accelwate  to  60  knots. 

3.  Roundout  minimum  altitude  80  ft. 

4.  Flare  to  keep  sink  rate  600  fpm  or  less  at  touchdown. 

9. 1.7.5  Thrust  Vector  Actuator 

Only  one  failure  in  the  thrust  vector  actuator  program  resulted  in  a 
crash  during  the  simulated  failures  study.  This  was  a  trim  interlock 
switch  short-circuit  failure.  The  pilots  had  become  accustomed  to  de¬ 
pending  upon  this  switch  to  stop  the  vector  actuator  at  45*/9  .  The 

failure  was  introduced  without  the  pilot's  knowledge  (as  were  all  failures 
during  the  study).  As  a  result,  he  vectored  beyond  45*  inducing  fan 
stall  and  overspeed  cutback.  Airplane  stall  and  a  crash  followed.  Sub¬ 
sequently,  the  pilots  were  careful  not  to  exceed  45*  vector  angle  and 
this  failure  caused  no  further  problems. 

This  failure  is  felt  to  be  representative  of  ma^y  of  the  failures  that  did 
not  result  in  crashes  because  they  all  contributed  to  forcing  the  pilots  to 
become  totally  aware  of  all  the  cockpit  instruments  and  Amctlons.  All 
previous  work  in  the  simul^or  had  been  devoted  to  the  development  of 
particular  handling  qualities,  or  specific  single  ttems  of  Interest.  Dur¬ 
ing  this  phase  of  the  simulatico,  they  could  not  allow  their  attention  to 
become  so  focused,  and  therefore  this  work  was  good  pr^Muratlon  for 
actual  flight. 

Vector  actuator  rusawi^  did  not  oauae  any  significant  problems  durhug 
this  simulation,  beoauae  it  was  not  permitted  to  proceed  beyond  45* 
vector  angle  on  the  presumption  that  this  would  require  a  double  failure. 
When  the  pilot  recognised  the  failure,  which  was  artifloally  induced,  It 
would  be  removed.  This  was  necessary  because  the  method  chosen  to 
simulate  the  failure  preveided  damage  to  the  thrust  vector  aoluntor. 


After  e  more  complete  failure  aoalyais  of  the  ayatem,  thia  aaaumption 
waa  proved  falae.  A  vector  atop  awitch  waa  added  to  the  airplanea  to 
allow  the  pilot  to  prevent  a  runaway  vector  from  becoming  cataatrophic. 

9<1>7.5.1  Thruat  Vector  Actuator  Programmer  Failure  Modea  and 
Corrective  Actiona 

A.  Trim  Interlock  Failed  Short 

1.  Flight  Conditiona 
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a.  VTOL  flight  approaching  conversion  to  CTOL. 

2.  Failure  Symptoms 

a 

a.  Loss  of  lift 

b.  Fan  over  speed 

c.  Vector  angle  greater  than  45". 

3.  Corrective  Action 

a.  De-vector  to  45" 

b.  Maintain  100%  fan  rpma 
o.  Convert  to  CTOL 

4.  Resume  flight  plan. 

B.  Vector  Runaway 


1.  Flight  Conditiona 

a.  VTOL  from  hover  to  oonveraion 

2.  Failure  Qymptoma 

a.  Aircraft  starta  to  aooelerate 


b. 

0. 
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Vector  angle  inoreaainf . 

tf  vector  angle  greater  than  SO*  fan  overapeed  and 
throttle  outback  occur. 
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3.  Corrective  Action 


a.  Immediately  deactivate  vector  actuator  with  vector  etop 
switch. 

b.  If  occurs  during  takeoff  and  altitude  permits,  land  as  is. 

c.  For  runaway  in  0"  to  45”  direction,  if  vector  runaway 
is  stopped  at  low  vector  angle,  at  altitude,  and  fuel 
supply  and  VTOL  landing  conditions  make  CTOL  landing 
imperative,  use  vector  stop  switch  to  advance  vector 
angle  to  accomplish  transition  to  conversion  speed  per¬ 
missible. 

d.  If  vector  angle  is  greater  than  45”,  convert  as  soon 
as  possible. 

4.  CTOL  or  VTOL  landing  optional. 

5.  Flight  termination  recommended. 

9. 1.7. 6  Diverter  Valves 

Diverter  valve  time  delay  relay  failures  did  not  cause  any  unrecoverable 
flight  conditions.  However,  another  possibility  of  a  split  mode  config¬ 
uration  was  discovered.  The  pilot  made  a  conversion  from  fan  to  con¬ 
ventional,  and  then  deliberately  and  quickly  re-selected  the  fan  mode. 
The  stabllixer  actuator  position  switch  interlock  circuitry  was  re-oon- 
figured  to  prevent  this  problem  from  re-occurring,  both  on  the  airplanes 
and  on  the  simulator.  (See  Paragraph  9. 1. 7. 8  for  the  effects  of  diverter 
valve  "NO  00"  problems. ) 

9. 1.7. 7  Mechanical  Mixer 

Meet  of  the  failures  in  this  category  resulted  in  crashes.  Those  that 
did  not  probably  would  have  resulted  in  crashes  had  they  not  been  re¬ 
moved  as  soon  as  the  pilot  recognised  the  failure.  These  failures  wore 
introduced  by  slipping  bolts  out  of  place  in  the  mechanical  control 
system,  and  wwe  replaced  aa  soon  as  necessary  to  prevent  damage  to 
the  almulator  hardware.  The  usual  roaotUm  was  loss  of  attitude  control 
followed  by  stall  and  hi^^  sink  rates.  Attempted  landings  were  un¬ 
successful.  These  failures  should  be  classed  with  comparable  fallurea 
la  oonveBtiooal  meohanioai  control  systems. 


d.  Moderate  to  faet  nose  down  pltob  trim  change  requiring 
moderate  to  heavy  aft  stick  force  to  maintain  level 
flight. 

e.  Sink  rate  may  develop. 

f.  Stall  may  occur. 

3.  Corrective  Action 

a.  Immediately  reselect  CTOL,  add  full  power,  and  be 
prepared  to  prevent  stall. 

4.  Flight  termination  recommended. 

5.  Stay  in  PRIMARY  recommended. 

6.  Standard  CTOL  landing  recommended  (select  "CONV" 
louver  switch  position  to  lock  vring  fan  door  latches,  close 
wing  fan  exit  louvers,  pitch  fan  thrust  reverser  doors  and 
pitch  fan  inlet  louvers).  Preconversion  configuration  CTOL 
landing  can  be  made. 

7.  Conversion  not  recommended  on  STANDBY  under  conditions 
of  single  system  capability. 

8.  Never  return  to  PRIMARY  after  selecting  STANDBY. 

CTOL  to  VTOL  Split  Mode  (C  Stab,  V  Diverter) 

1.  Flight  Conditions 

a.  Conversion  maneuver  just  after  VTOL  mode  selection 
and  wing  fan  doors  open. 

2.  Failure  Symptoms 

a.  Stabiliser  motion  (and  motl<»)  warning)  for  0. 15  seo(md 
only  (normal  is  approximately  2  seconds). 

b.  Diverted  light  ON  0.4  second  later. 

0.  Severe  nose^up  pltchl.ig  momei^  (  full  fwd  stick  to  control, 
pitching  moment  marginal). 


d.  Note:  Conversion  half  completed  '  i.e. ,  CTOL  stabi¬ 
lizer  and  VTOL  diverter. 

3.  Corrective  Action 

a.  Simultaneously 

(1)  Immediately  reselect  CTOL  mode  and  then 
STANDBY. 

(2)  Reduce  power 

(3)  Apply  full  forward  stick 

b.  After  return  to  CTOL  apply  full  power,  and  be  prepared 
to  prevent  stall. 

4.  Flight  termination  recommended. 

5.  Standard  CTOL  landing  recommended  (select  CONV  louver 
switch  position  to  lock  wing  fan  door  latches,  close  wing 
fan  exit  louvers,  pitch  fan  thrust  reverser  doors  and  pitch 
fan  inlot  louvers).  Preconversion  configuration  CTOL  land¬ 
ing  can  be  made. 

6.  Conversion  not  recommended  on  STANDBY  under  oonditioos 
of  single  system  capability. 

7.  Never  return  to  PRIMARY  after  aeleoting  STANDBY. 

VTOL  to  CTOl.  Wing  Fan  Door  Diverter  CTOL  Interlock  Failed 
Open. 

1.  Flight  Conditions 

a.  VTOL  to  CTOL  conversion  completed  (except  wli^  fan 
doors  do  not  close). 

2.  Failure  Symptoms 

a.  Sink  rate  continues  and  stall  buffet. 

b.  Nose  down  tendency  (approx.  6*  elevator  required  to 
trim  out). 
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3.  Corrective  AcUoe 

a.  Return  to  VTOL  or  continue  CTOL  optional. 

b.  If  ronain  in  CTOL 

(1)  Add  full  power 

(2)  Be  prepared  to  prevent  etall 

(3)  When  aircraft  fully  controlled  select  STANDBY  to 
close  wing  fan  doors. 

4.  Flight  termination  recommoided. 

5.  Standby  CTOL  landing  recommended  (select  CONV  louver 
swltcb  position  to  lock  wing  fan  door  latches,  close  wing  fan 
exit  louvers,  pitch  fan  thrust  reverser  doors  and  pitch  fan 
inlet  louvers).  Preoonversion  configuration  CTO),  landing 
can  be  made. 

6.  Conversion  not  recommended  on  STANDBY  mder  conditions 
of  single  ^stem  capability  unless  fuel  supply  and  VTOL 
landing  conditions  make  CTOL  landing  imperative. 

7.  Never  return  to  PRIMARY  after  selecting  ijTANDBY, 

8.  V  wing  fan  doors  do  not  close  after  selecdhig  STANDBY, 
airorift  may  still  be  cleaned  up  to  CTOL  oonflguratiQii  by 
seleoting  LOUVERS  CONVENTKNIAL.  Calculatod  ataU 
speed  with  aircraft  to  normal  landing  configuration  except 
wing  fan  doors  open.  90  knots. 

If  fault  should  clear  (fault  is  open  iiderlock  oircuii  that 
spontaneously  closes)  doors  will  outomaticaily  oloee  and 
lock  if  LOUVER  switch  la  to  CONV  position  and  aircraft  is 
to  CTOL  mode. 

E.  VTOL  to  CTOL  Slebiltoer  No  Go 
1.  Flight  Conditions 


a.  Conversion  maneuver  just  afimr  CTOL  mode  selection. 


9 


2.  Failure  ^mptoroa 

a.  No  stabilizer  motion  warning  and  diverted  light  stays  on. 

b.  No  conversion  >  no  change  in  aircraft. 

3.  Corrective  Action 

a.  Check  vector  angle  -  if  vector  clears  problem,  resume 
mission. 

b.  If  not,  reselect  VTOL  mode. 

4.  Fli^  termination  recommended. 

5.  Stay  in  PRIMARY  recommmided. 

6.  STOL  or  hover  landing  optional. 

7.  Conversion  not  recoromwaded  on  STANDBY  under  oondttkuns 
of  single  system  capability  unless  fuel  supply  mui  VTOL 
landing  conditions  make  CTOL  landing  imperative. 


8.  Never  return  to  PRIMARY  after  selecting  STANDBY. 


VTOL  to  CTOL  Diverter  No  Go 


1.  Fligfat  Cooditiona 

a.  Conversion  maneuver  Just  after  CTOL  mode  seleottaa 


2.  Failure  Symptoms 


a.  Stabiliser  motion  wnming  stops  O.S  second  aftsr  mode 
select  and  diverted  light  etays  on. 

b.  No  oonverslon. 


o.  Noee  up  idU^ng  moment  (requlree 
to  trim  out). 
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Cmrrtotlvtt  Actton 


a.  Immadiataly  reaelwt  VTOL  mode. 

4.  Fllgld  termination  recommended. 

5.  Stay  in  PRIMARY. 

6.  8TOL  or  hover  landing  optional. 

7.  Coaveraion  not  recommended  (»  STANDBY  under  omulitlona 
of  alngle  ayatmn  capability  unleea  Ricl  supply  and  VTOL 
landing  ocmditiona  make  CTOL  landing  imperative. 

8.  Never  return  to  PRIMARY  after  aelecting  STANDBY. 

VTOL  to  CTOL  Split  Mode  (VTOL  Stabiliaer,  CTOL  Diverter) 

1.  FDgbt  Ccsditiona 

a.  Cottveraion  maneuver  )uat  after  CTOL  mode  seleotioo. 
8.  Failure  Symptoms 

a.  Stabiliser  motion  warning  (and  stabiliser  motloa)  stop 

lamw  PIYERTEB.Y^JyVg  MQTOH. 

b.  Severe  nose  down  pitching  rownent  (requires  30-40* 
elevator  to  trim  out  (3S*  elevator  available)  at  0*  in- 
efclenoe). 

3.  Corrective  Action 
a.  Simultaneously 

(1)  Full  back  atidc 

1^)  Immediately  rsselect  VTOL  mode  followed  by 
(3)  If  no  response:  UECT 


4.  Flight  termination  recommcstded. 

5.  8TOL  or  hover  landing  optional. 

6.  Conversion  not  recommended  on  STANDBY  under  oondltioiis 
of  single  system  capability,  unless  fuel  supply  and  VTOL 
landing  coiulitions  make  VTOL  landing  Imperative. 

7.  Never  return  to  PRIMARY  after  selecting  STANDBY. 

9. 1. 8  Other  Recommendations 

As  a  result  of  the  experience  gained  during  the  simulated  falluree  pro¬ 
gram,  additional  control  systems  changes  were  rec<»nmended  and 
incorporated.  They  include: 

1.  Eliminate  the  fan  mode  stabiliser  trim  function  from  loofi- 
tudinal  stick  position.  At  vector  angles  lees  than  40*  posi¬ 
tion,  the  stabilizer  in  the  full  nose  down  (airplane)  trim 
position.  At  vector  angles  greater  than  40*,  the  stabiliser 
trim  function  to  be  ccmtrollable  from  the  longitudinal  stidc 
grip  pitch  trim  switch. 

2.  Extend  the  range  of  the  longitudinal  fan-powered  trim  so  that 
the  aircraft  may  be  trimmed  banda-olf  at  any  region  in  the 
fan-powered  r^me. 

S.  Change  the  lateral  stick  displacement  to  t4  inobee  from  tg 
inches  maximum  travel. 

4,  Change  fan  mode  roll  and  pitch  stick  force  gradisitt  to  approa- 
imately  1-1/3  pounds  per  inch. 


i 

5.  Change  SAS  hold-maneuver  swittd)  band  so  that  t3/4  tnah  of 
stidc  displacement  about  center  arlll  actuate  switches. 


6.  Modify  yaw  and  pitch  SAS  channels  In  the  iwtmary  mode  so 
that  poaitton  feedback  in  the  holding  conflgttrattim  is  elimi¬ 
nated.  (To  obtain  a  system  with  two  rate  gains, 
on  control  iigMt,  instead  of  a  system  with  a  position  gain  la 
the  hokUi^  oonflgurailott  and  a  rale  gain  in  the  maasuvertag 
configuratioa. ) 


TABLE  2 

FAILURE/PILCyr  RESPONSE  SUMMARY 


FIELD  FAILURE  SUMMARY 
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9.2 

The  basic  Information  regarding  failure  was  obtained  from  the  Ryan 
Form  R-2073  Ryan  Equipment  Failure  Report  completed  and  submitted 
by  personnel  with  the  airplane  at  EAFB.  A  sample  form  is  presented  in 
Figure  58.  Instructions  for  completing  this  form  are  contained  in  Ryan 
Aeronautical  Company  Quality  Bulletin  XVIO. 

For  the  purpose  of  this  summary,  the  airplane  was  divided  into  the 
following  subsystems: 

1.  Airframe  -  Fuselage 

2.  Airframe  -  Wing 

3.  Airframe  -  Empennage 

4.  Controls 

5.  Electrical 

6.  Hydraulic 

7 .  Cockpit 

8.  Laming  Gear 

9.  Propulsion  -  Power  Plant 

10.  Propulsion  -  Fuel 

11.  Propulsion  -  Miscellaneous 

12.  Parachute 

The  data  recorded  on  the  Failure  Report  for  time  in  service  showed  no 
correlation  to  operating  times  as  recorded  in  the  Airframe  and  Power 
Plant  Running  Time  Log  and  Electroplating  Clocks  installed  on  the 
electrical  system  inverters.  The  estimates  of  hangar  operating  times 
were  made  as  follows: 


133 


1.  Control  and  Hydraulic  ^steins  and  the  Cockpit  -  Two  (2) 
hours  per  shift,  six  (6)  days  per  week. 

2.  Electrical  System  -  Four  (4)  hours  per  shift,  six  (6)  days 
per  week. 

For  the  airframe,  landing  gear,  parachute  and  propulsion  systems,  it 
was  assumed  that  design  loads  appeared  on  these  systems  only  during 
flight  or  ground  engine  running.  The  operating  time  for  these  systems 
is  only  that  which  appears  in  the  Airframe  and  Power  Plant  Running 
Time  Log.  The  hangar  operating  time  was  calculated  for  each  aircraft 
with  the  start  date  taken  as  the  date  at  which  the  airplane  was  in  flight 
condition  after  arrival  at  EAFB.  For  Aircraft  No.  2  this  date  was  5 
March  1964,  and  for  Aircraft  No.  1,  12  October  1964.  To  these  figures 
was  added  the  tim^  recorded  in  the  Power  Plant  Log.  The  data  are 
tabulated  with  respect  to  the  mode  of  aircraft  operation  during  which  the 
particular  failure  occurred  (i.e.  conventional  flight,  taxi  tests,  etc. ) 

Individual  system  average  failure  rate  tabulations  are  presented  in 
Table  3  through  14.  Rate  data  by  monthly  period  plus  cumulative  totals 
are  shown  from  March  1964  through  January  1965.  For  these  system 
tabulations,  the  total  number  of  failures  accumulated  by  both  aircraft 
for  the  period  for  a  particular  operating  mode  was  divided  by  the  total 
time  accumulated  by  both  aircraft  for  the  same  period  and  mode.  Both 
the  system  average  failure  rate  for  each  period,  and  the  cumulative 
average  failure  rate,  are  obtained  by  adding  the  individual  mode  fail  ire 
rates  for  that  period. 

Cumulative  failure  rates  for  each  system  and  for  the  total  aircraft  oy 
period  are  shown  in  Table  15.  The  total  aircraft  failure  rata  is  obtal.i- 
ed  by  adding  the  individual  system  failure  rates.  Individual  sysi  em 
cumulative  failure  rates  are  shown  graphically  in  Figures  59  through 
65.  Total  aircraft  rate  is  shown  in  Figure  66.  For  these  latter 
tables  and  corresponding  plots,  the  three  propulsion  syatems  have  be^n 
grouped  together  as  have  the  three  ainrame  subsystems. 

The  plot  of  the  complete  airplane  data  indicate  a  stabilizatlor.  of  tho 
failure  rate  after  the  original  infant  mortality  had  been  overcome.  The 
plot  of  the  complete  airplane  follows  closely  the  plot  of  the  propulsion 
system  which  comprised  approximately  40%  of  the  total  failures.  The 
other  plots  also  indicate  a  stabilization  of  their  Individual  failure  rates, 
with  tlie  exception  of  those  which  exhibit  extremely  low  rates. 
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Insufficient  data  are  available  to  permit  drawing  statistically  valid  in> 
ferences  or  conclusions  regarding  failure  rates  for  some  systems.  The 
systems  with  low  rates  mentioned  above  exemplify  this,  since  single 
failures  cause  wide  variations  in  the  failure  rate. 

Time  between  failure  data  was  tabulated  and  plotted  for  those  i^steros 
which  had  the  largest  number  of  failures.  These  are  Propulsimi- 
Miscellaneous,  Propulsion-Total  and  Electrical,  Figures  67,  68,  and 
69,  respectively.  For  this  data,  the  time  recorded  was  to  the  end  of  the 
day  on  which  the  failure  occurred.  In  the  case  of  multiple  failures, 
reported  on  the  same  day,  each  was  treated  as  if  it  occurred  alone. 

This  was  done  to  be  more  represmitative  of  time  between  failure.  Noted 
on  these  figures  are  the  Median  and  Arithmetic  Mean  values  of  time 
between  failure.  Also  noted  is  the  Average  value  which  is  obtained  1^ 
talcing  the  reciprocal  of  the  failure  rMe  obtained  from  the  previous 
tables.  The  difference  between  these  values  is  felt  to  be  due  to  the 
relative  small  dida  sample  from  which  the  information  is  derived.  This 
difference  would  indioate  that  these  figures  are  not  the  final  absolute 
value,  but  that  they  are  converging  upon  the  final  value.  ‘  This  differeooe 
does  not  alter  the  fact  that  the  overall  aircraft  failure  rate  has  stabili¬ 
sed  after  the  fourth  reporting  period. 
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Figure  59  Airframe  System 
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Figure  60  Controls  gystom 


Figure  61  Electrical  System 
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Figure  62  Hydraulic  System 
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Figure  67  Time  Between  Failure  Propulsion  System*  Miscellaneous 


Figure  68  Time  Between  Failure  Electrical  System  •  (E,IP,  al^ 
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Figure  69  Time  Between  Failure  Propulsion  System  Total  (PL»  PR,  PN,  PF,  P) 


II'  ' 


PKIUOl) 


1  Oct.  ~ 
31  Oct. 
1964 


1  Nov. 
30  Nov. 
1964 


1  IK-v. 
31  IVc. 
1964 


MODE 


THIS  PERIOD 

CUMULATIVE 

1  FAIL* 

TIME(liOUKS){  URES  RATE 

TIME  (HOURS) 

FAIL¬ 

URES 

RATE 

AIHFRAME-FUSKIAUE  SYSTEM  (Contliwcl  Table  3) 


Convcntioiuii 

Fun 

Taxi 

Ground 

Avcrugi' 

Convc-ntiunul 

Fun 

Tuxi 

Ground 

Averugf 


Cunvunllot\ut 

Fun 

T.ixl 

Ground 

Avt-ruiie 


t  Jun. 
36  Jun. 
1965 


Convcnlionui 

Fun 

Tuxi 

Grouml 

Avfrua«- 


TABLE  4 

AIRFRAME-WINO  SYSTEM 


9  Mur. 
3t  Mur. 
1964 


I  Apr. 
30  Apr. 
IM4 


I  May  • 
31  Miv 


Convtntluoui 

Fan 

Tuxi 

Gruuwi 

Aviram 

('unvfMIunul 
Fan 
I  Text 
Gruund 
Averaitr 

CwivtuMonal 

Fan 

Taxi 

Uronad 

Avvrair 


1.31 

I.M 

3.W 

t.M 

1 

.330 

.339 

PERIOD 


MODE 


1  THIS  PERIOD  1 

TIME  (HOURS) 

PAIL- 

RATE 

CONTROLB  SYSTEM  (CooUmioil  Table  6) 


1  May  - 
31  May 

1364 

Conveotlooal 

Fan 

Taxi 

Qround 

Average 

1  June  - 
30  Aine 
1304 

Conventlooal 

Fan 

Taxi 

Orouad 

Average 

1  Ally  - 
31  Ally 

1384 

Conventlooal 

Fan 

Taxi 

Ground 

Average 

1  Aug.  - 
31  Aug. 
1304 

Conventional 

Fan 

Taxi 

Ground 

Average 

1  Sept.  - 
30  Sept. 
1304 

1 

Conveotlooal 

Pan 

Taxi 

Ground 

Average 

lOot.  - 
31  OdI. 

1304 

Conveotlooal 

Fan 

Taxi 

Ground 

Average 

1  Nov.  - 
30  Nov. 

1304 

Conveatlooal 

Paa 

Taxi 

Ground 

Average 

2.08 

.00 

2.00 

104.00 


104.50 


0 

.76 

0 

121.30 


0 

1.17 

0 

101.30 


1.07 

1.00 

2.43 

107.12 


3  00 
1.07 
.00 
182.76 


6.07 

1.01 

.00 

203.23 


\tm\ 


.00647 


2. 

1. 

3.62 

ib08.06 


4.68 

1.18 

3.00 

403.46 


4.68 

1.31 

3.30 

624.76 


4.63 

3.03 

3.00 

333.06 


3.26 

4.03 

0.32 

740,17 


3.26 

6.76 

3.33 

322.32 


17.32 

7.07 

0.33 

mo.u 


IBB 


EB 


PERIOn 


SMur.  - 
ai  Mftr. 
1M4 


1  Apr. 
30  Apr. 
1004 


IMap- 
31  Map 

1904 


1  JUM  • 
30  Aim 

1004 


1  Ally- 
31  Ally 
1004 


Itlee.  - 
31  Dae. 

1004 

CiBveBtloaal 

Fax 

Taxi 

Qreuad 

Aver/age 

mm 

1  Jaa.  - 

Coavcalkaial 

1.02 

26  Jaa. 

Faa 

.63 

1668 

Taxi 

0 

Qrouad 

Average 

177.32 

THB  PERIOD 


I  FAIL- 

TmE<HOURS) 


CONTROLS  SYSTEM  (Cootliiiied  Table  6) 


.02 
.SO 
6.33 
1343.63 


34.83 

11.42 

6.33 

1S20.85 


CUM 

lULATIVE  1 

TIME(HOU1 

R8) 

FAIL- 

RATE 

URES 

Cooveatloaal 

Faa 

Taxi 

Qrouad 

Average 

ConveaUoMl 

Faa 

Taxi 

Qrovad 

Average 

CMveatloaal 

Faa 

Taxi 

Qrouad 

Average 

Coaveatloaal 

Faa 

Taxi 

Qrouad 

Average 

Coaveatloaal 

Faa 

Taxi 

Qrouad 

Average 


TABLE  7 

ELECTRICAL  SYSTEM 

.00 

.66 

.06 

m.32  3  .0160 


.00 

.66 

.TO 

300.63 


3.06 

.90 

3.00 

300.00 


2.60 

.00 

.11 

100.60 


.00 

.76 

.00 

230.30 


.00 

.66 

.06 

177.32 


.00 

1.16 

1.60 

366.06 


3.00 

1.16 

3.66 

6M.06 


4.66 

1.16 

3.00 

003.46 


4.60 

1.01 

3.00 

1603.76 


PERIOD 


1  Nov.  - 
30  Nov. 
1064 


1  Deo.  - 
31  Dec. 


1  Jan.  - 
26  Jan. 
1065 


MODE 


THIS  PERIOD  I  CUMULATIVE 


FAIL-  I  FAIL¬ 

TIME  (HOURS)  URES  RATE  TIME  (HOURS) 


HYDRAUUC  SYS'FEM  (Continued  Table  8) 


17.02 

7.67 

6.33 

1126.62 


2.02 
0.60 
C.33 
1343.63 


.84 
.42 
6.33 
1620.86 


Conventional 

Fan 

Taxi 

Ground 

Average 

8.67 

1.02 

.00 

203.23 

Conventional 

14.17 

Fan 

2.02 

Taxi 

.00 

Ground 

217.38 

Average 

Conventional 

1.02 

Fan 

.83 

Taxi 

.00 

Ground 

177.32 

Average 

1 

5  Mar.  • 
31  Mar. 


1  Apr.  > 
30  Apr. 

1064 


1  Mv  - 
31  Map 


Conventional 

Fan 

Tajd 

Oround 

Average 


Conventional 

Fan 

Taid 

Oround 

Average 


CoavanOoaal 

Fan 

Tam 

Orouad 


TABLE  9 

(XlCKPIT  SYSTEM 


.00 

.60 

.70 

106.03 


101.00 


.00 

1.10 

1.00 

104.06 


m.oi 


8.60 


PERIOD 

THIS  PERIOD 

CUMULATIVE  I 

MODE 

TIME  (HOURS) 

FAIL¬ 

URES 

RATE 

TIME  (HOURS) 

FAIL¬ 

URES 

RATE 

PHOPUI^ION- POWER  PLANT  SYSTEM  (Contiouetf  Tiible  11) 

1  June  - 

ConvenUoiutl 

mgmm 

■| 

30  June 

Fan 

1964 

Taxi 

.22 

Ground 

.50 

.870 

Average 

■m 

■1 

.870 

mgm 

Convent  ional 

.00 

4.58 

m 

Fan 

.75 

1.91 

Taxi 

.00 

3.90 

■IH 

Ground 

13.30 

16.75 

.179 

Average 

H 

.179 

1  Aug.  - 

Conventional 

.00 

4.58 

31  Aug 

Fun 

1.17 

3  ON 

1964 

I'oxl 

.00 

3.90 

Ground 

4.30 

21.05 

.143 

Average 

mm 

.143 

1  StfU.  - 

Conveollor  !l 

1.67 

6  25 

■ 

30  (h'lil. 

Fan 

1.00 

4.08 

1964 

Taxi 

2.43 

8.33 

Ground 

3.  12 

24.17 

3 

Average 

dI 

1  Ucl  - 

CuAVinlluoul 

3.00 

mm 

31  Ucl. 

Kao 

1.6^ 

1964 

Taxi 

.00 

•  33 

Ground 

2.75 

26.92 

3 

.ill 

Averogi' 

.111 

I  Nov.  • 

Convent  tonal 

9  67 

HHfSI 

■I 

30  Nov. 

l'^UI 

1.92 

■SB 

■ 

1964 

Taxi 

00 

6.33 

■ 

Ground 

3  23 

30.15 

3 

E9 

Avernge 

Di 

1  OM^.  • 

Conventional 

wmrmm 

Him 

32.92 

31  Ore 

Fan 

■EBB 

10.59 

lOM 

Tnxl 

■eb 

0.33 

CniMMl 

Avrnigr 


I  Ovtf. 
31  Ore 

1M« 


l.3t 


294-69- 


PERIOD 

MODE 

1  Sept.  - 
30  Sept. 
1964 

Conventional 

Fan 

Taxi 

Ground 

Average 

1  Oct.  - 

31  Oct. 

1964 

Conventional 

Fan 

Taxi 

Ground 

Average 

1  Nov.  - 

30  Nov. 

1964 

Conventional 

Fan 

Taxi 

Ground 

Average 

1  Dec.- 

31  Dec. 

1964 

Conventional 

Fan 

Taxi 

Ground 

Average 

1  Jan.  - 
26  Jan. 

1965 

Conventional 

Fan 

Taxi 

Ground 

Average 

THIS  PERIOD 


FAIL¬ 
TIME  (HOURS)  URES 


CUMULATIVE 


FAIL- 

RATE  TIME  (HOURS)  URES  RATE 


PROPULSION  FUEL  SYSTEM  (ConUmied  Table  12) 


TABLE  13 

PROPULSION-MISCELLANEOUS  SYSTEM 


5  Mar.  - 

Conventional 

31  Mar. 

Fan 

1964 

Taxi 

Ground 

Average 

Conventional 

Fan 

Taxi 

Ground 


PERIOD 

THIS  PERIOD 

CUMULATIVE 

MODE 

TIME  (HOURS) 

FAIL¬ 

URES 

RATE 

TIME  (HOURS) 

FAIL¬ 

URES 

RATE 

PROPULSION-MISCELI.ANEOUS  SYSTEM  (Continued Table  13) 

1  May 

Conventional 

2.08 

1 

.481 

— 

1 

.481 

31  May 

Fan 

.00 

1964 

Taxi 

2.00 

3.68 

Ground 

.00 

2 

- 

2.95 

1.36 

Average 

.481 

■ 

1.841 

1  June  - 

Conventional 

2.50 

■ 

4.58 

1 

.218 

30  June 

Fan 

.00 

1. 16 

1064 

Taxi 

.22 

n 

3.90 

Ground 

.50 

3.46 

1.74 

Average 

m 

1.958 

1  July  - 

Conventional 

.00 

4.58 

■ 

.218 

31  July 

Fan 

.75 

1.91 

1964 

Taxi 

.00 

3.5*0 

Ground 

13.30 

16.  75 

6 

.358 

Average 

.576 

1  Aug.- 

Conventional 

.00 

MEM 

1 

.218 

31  Aug. 

Fan 

1.17 

1964 

Taxi 

.00 

3.90 

Ground 

4.30 

1 

.233 

21.05 

.333 

Average 

.233 

■1 

.551 

1  Sept.  - 

Conventional 

1.67 

■■ 

I 

.160 

30  Sept. 

Fan 

1.00 

1964 

Taxi 

2.43 

6.33 

Ground 

3. 12 

1 

24. 17 

8 

mgm 

Average 

IQ 

H 

1  Out.- 

Conventional 

3.00 

HH 

9.25 

1 

.108 

31  Oot. 

Fan 

1.67 

5.76 

1004 

Taxi 

.00 

6.33 

Ground 

2.76 

1.09 

26.03 

11 

.409 

Average 

■i 

1.09 

.617 

1  N0¥.- 

Conventional 

6.67 

17.93 

1 

.0658 

30  Nov. 

Fan 

1.02 

1 

.031 

7.67 

1 

.130 

1M4 

Taxi 

.00 

6.33 

Ground 

3.33 

3 

.619 

30.15 

13 

.431 

Average 

1.140 

.6108 

TABLE  15 

XV-5A  CUMULATIVE  FAILURE  RATE  SUMMARY 


10.0  COMPONENl’S 


All  components  used  have  been  qualified  for  use  in  this  aircraft  accord¬ 
ing  to  provisions  of  the  contract.  The  parts  have,  by  one  procedure  or 
another,  been  found  satisfactory  for  flight  according  to  requirements 
set  up  by  the  Design  Engineering  Group.  These  procedures  were  as 
follows:  use  of  MIL-STD-QPL  parts,  use  of  aircraft  industiy  STD  parts, 
use  of  parts  as  designed  with  test  procedures  required  by  Design 
Engineering  Group,  and  by  similarity  to  parts  already  qualified  for  use 
on  other  aircraft. 

Proof  of  compliance  for  parts  was  acconq>lished  by  several  methods; 
certification,  designers  witnessing  required  tests,  formal  rqmrting  of 
proof  tests,  and  common  agreement  of  the  manufacturers  capability  plus 
functional  tests  in  the  case  of  some  industry  standard  parts. 

Listing  of  these  parts  and  methods  follows; 


TABLE  16 

COMPONENT  QUALinCATION  DATA 


MrO.  PART  NO. 
MPR.  •  COM  NO. 

PART  NAME 

spEcin- 

CATION 

COMPLUNCE  DATA 

QUAUPiCATION 

STATUS 

MAIN  I.AND(NO  QEAH  SYSTEM  -  MAJOR  COMPONENTS 

ItlSUOS 

Uaad  Co. 

CoA;  Tsasa 

MIX3  Aaay. 

SCD  LOOOl 

Ryan  Su.lc  Teel  Rcficrta  <4B02(, 
«3B04S,  SIBOai.  Ryan  laatalled  Sya- 
lama  Punellonal  Teat  Reiiort  S4BI)S>. 
Ryan  ITO  1112.  Uaid  Aecepuaco 

Teal  Procedure  tiSIOLTPS. 

QualKled 

ISIOLIM 

Loud  Co. 

Code  TSM2 

MLG  Shook  Strut 
Axxy. 

SCD  LOOOl 

Unid  Drop  Teat  Procedure  1SI0I.TP4, 
Ruv.  "A"  Loud  Drop  Teat  Report 
lS.aLTH-1,  Rev.  "A"  (Alao  PiMllelied 
ae  Ryan  Report  a4IM>44) 

qualified 

s4aiM  (PD  aais) 
Ooudyeer 

Code  TSMS 

Rruko  Aeey. 

SCD  L0003 

Qoodyuar  Tent  Plan  DA  1004H 
Ooojyuur  Quxl.  Tual  Rupert  OA  UBR 

qualified 

tsaaaaa 

Goodyear 

TaS42 

Mxlo  WiMol 

Aaay. 

SCD  L0003 

Sumu  au  Above 

qualified 

20  X  4. 4  Type  VO 
UPH 

G4iociy«er 

Cwb  73042 

Tire 

OOUlltl 

SUMkrd  Equlpmuet 

qualified 

Ataass 

Vlaaos 

Cede  SI  ISA 

MU)  a-Poelllok 
Aotiiaior 

SCI)  LOOPS 

Vlnaun  Tout  Proc«4kir«  HQTP  «2SM 
Hyao  ITOIIM 

qualified 

Autn 

VINHM 

Codv  01130 

MLQUocr 

Aoluator 

HCU  LOOOA 

VInaon  Teat  Priaiodure  PTF-SaiTt 
RyanlTt)  lias 

qualified 

A0a37i 

VIXMWI 

Cwfa  01 130 

Mta  UaiNh'k 
Aotuxior 

SCO  IjOOOO 

Vlnucn  Tvut  Prevutktru  PTP-023TB 
Ryan  ITO  1150 

quallflod 

aiaaa 

Merer 

Code  SMAJ 

Brake  Maalar 

Cyl 

SCI)  KOOU 

Sturur  AvoupUncu  Tuat  ProcuOurn 
34330 

qwllllad 

NOSIC  LANIHNU  UCAH  •  MAJOR  COMPONENTS 

UUI.IM 

UjOd  Co. 

Coda  TtMa 

NIX)  Shuck  Stnil 
Aaxy. 

BCD  UMMS 

Ryan  SUIIv  Teat  Reporle  SaHOM, 
•4IIIKI4.  «aU04e,  Ryan  laatalled  Bye - 
lama  ruaelloasi  Teat  Heport  SAIMn, 
Ryan  ITU  IIIJ,  l.o«d  Avceptaaoe  Tuat 
Ikll  LTP-S,  l.iaid  Drop  Teal 
n-uoadure  Ikll  LTP4  Nov.  "A", 
lantd  Drop  Teat  Report  Ikll  LTR-I, 
Wunraiy  Teel  Buawwry  (Sbo  Tsal| 

quallflod 

IIIIIJM* 

IaM  Co. 

Coda  T»Ma 

NU)  Dra(  Braee 
Aaay. 

■CD  U«M 

■awe  ae  IIIIUM 

qNaMRad 

IIIIL4M-MI 

LeedCo. 

Cade  TMta 

Mdauoy  Daapar 
Aeey. 

■CD  LMM 

■Mwwy  Teel  Huoiwery. 

UudtpMl.  Teel  Report  ikll-LTN-l 
Rev.  "A"  i<oud  Aeraplaniai  Ta« 
Pruuadure  Ikll  I.TP'k 

qeoNRod 

1C2 


TABLE  16  (Continued) 


MPO.  PART  NO. 

spECirt- 

QUAUPICATION 

MFR.  B  CODE  NO. 

PART  NAME 

CATION 

COMPLIANCE  DATA 

■TATIM 

NOSE  LANUNO  GEAR  SYSTEM 

-  MAJOR  COMPONENTS  (CoallaaaM 

3-1124 

Nom  WIm«I  Amjt. 

SCO  1.0004 

Hyaa  ITO  lilt 

QaalNIad 

B.F.  Goodrich 

Similar  lo  Ooodriek  3-033  (Uaad  oa 

Coda  IT1S3 

ns  Aircraft) 

II II  4.4  fypc  VII- 
10  PR 

B.  F.  doodrloh 
Cod*  ITltl 


FAA  III  ■  4.4  -  10Tl.-tOil  lUiiOsid 
EquIpiMM 


LAMDINa  GEAR  SYSTEM  -  MOCELLAKEOUS  CGOlPONEMTS 


4MEN1-4 

MIeraawUcIi 

Coda  01020 

Limit  Swllck 

11821321-2 

402KNI-0 

MIoroawllch 

Coda  01020 

Lima  S«lr.h 

M82I321-1 

DHEM  t-OtO 
SoulkiMal  Prodaela 
Coda  01310 

Rod  Cad 

Mti'r. 

DREM  4-000 
BomkaMal  Prodaola 
Coda  tISIO 

Rad  Cad 

MM'r. 

QmIHM 


0— IS— 1  PnOacU  IhifMt  O-ISSA 


B«iMl«ml  PfoSwlA  RaRMt  D-IMA 


IJmMMM 


NOTE;  HHrwIlo  tad  PowrtSu  lOrMas  CiiqiiMi  AimHiod 
•Ilk  tMdUf  OMr  OptralMa  AM  LMad  la ‘’IRrdnallw  lad 
CaMrMs"  SmUw. 


COCKPIT  SYSTEM 


A00M3 

Arloaloa  Prodaola 
Cary. 

Coda  00140 

limllMg  (Ivir 
CvMrol 

Rlt40-3 

Radir  RalaF,  Ma. 
Cada  OOTIt 

Maalar  Caallaa 

R40n 

Radar  Relay,  Ma. 
OadaOOtll 

fir* 

1 

oodtssrii 


ITO-II40  nia  UMI  la  IPmMM  »>r  MO  •• 

PIS4U  mM  aa  aaak  la  Ckaatdaiad 
llaailltad  lar  aaa  aa  XV-OA  akaa 
waiadialTDIlOO 


MIL-R-om  MaiHatlRr  w  RlOai  •aallllad  Mr  ■ 
ar  Haralr  P-0. 


Mlt-K-om  ikM  UaM  la  OaMHM  Mr  Ma  w 
I1O-II40  PltOO  aad  aa  aaak  M  IMaaMaiad 
QaaMlad  Mr  aaa  aa  XV-4A  akaa 
IMad  M ITO  II4B 


naalEMd 


L*-« 
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TABLE  16  (Continued) 


MFC.  PAIIT  NO. 

*  CODE  MO. 

PAUT  NAME 

spccin- 

CATWN 

COMPUANCC  DATA 

QUAUfKATIDN 

tTATUi 

MVIMAUUCH  ANIICVINTNULH  HYIITEM  jCoMHMaHI 

tDrln 

•••iMolicK  CofV 
Co*  MMI 

Hom  ^mn■ 

ANPCMA 

lUriMHfl*!  Haport  TMA-ltM 

1 

1 

ItlMU 

•*ntrM  tag.  (^IV 
Co*  TM» 

■iMUlo  Volvo 
laOMlwv  Ovor 
Kurjiionf  f*(ioM* 
OMIIC  Hyoli;  II 

CoavBlr 

lOoe 

•  -••M4 

lOIMIA  U  riabottoaollir  idoouool  m 
Sorgo*  No.  3II5IU-5  BiNM  lo  Ooovolr 
ri«#%oc.  Soo  SorioM  Aipon  No. 
W&A#«I 

QmIMM 

XTZS-Tlll 

AiielMor  MIg.  Co. 
Cu*  5124# 

Prooooro  Ga<#|r 
l^ortiog  iWor 

Kaior-  HMNiMioik; 

MIL'C-S2V2A 

MIg.  BrocSofV  Moloo  Mnvww  Moolo 

IM«4«iniiiMioUi  ul  MIL-C*52T2A. 
Prooiolwfo  1 

MmIHM 

—  - 

CLCCTIt 

iCAi.  svirrirM 

Ll#-T 

Alrtoontt- 

i’Oi#-  »1#U# 

Atfloolur -Wmo  Iom 

Uiior  1.4(1# 

!k‘U  Kmi» 

Vmi.  14.  L'.  T.  lUlurl  No. 

V«a.  T.'IM  Hrtwll  Nu.  UE'Vl.U-V 

Mvaa  T.'.l  Ht-ixrl  N..  IT  1 IM 

gaalMtarf 

1  li'52 

AlrUMW 

Co*  fiio;iti 

Ai'dlMi ' 

AiU'iuo  Triot 

ncu  t:mjA 

Vvo.  g.  i\  1  Hiport  No  n£ 

\rm.  Ti-ol  Nu 

HV40  tVol  No  IT  n#5 

goolUhMl 

PI5U 

i'll*  TiUI 

Amlvi  • 

»4'l»k;u(u# 

v»o.  g  i*.  r  luvwit  No.  pioo 

An'iolio  Nu.  1  1  |«ir|  Nu.  TtM# 

H»oo NvfMHi  1*  IT  UttT 

MwIiIimI 

MVU'  w4« 

IMfWr 

(  u*  «##/« 

Aililui  •  V  HM 

MmII  TiIm. 

■i'll  1  (MHO  -1 

Vr«.  gil.  by  Aimiiomy  iv  'J 

AvTmiIu* 

Vro.  Tool  N«|iucl  Ho.  tlVI.*54J 

Nyoo  Tvol  Nb«m1  Nu.  IT  1131 

» 

•VI  «■  M4» 

AviattHi  vnti 

#CII|.#M4 

V.-o.  g.r  T  iMiuH  1*  .<*11.154# 

MmINIMIMI 

ll*r%r|  ('oImmmi 

Vow  iriiM 

-v 

lOlMI 

Van  Tvo*  N«tNHf  Ni*.  AI.YIM4 

Nyi  Iroi  Hvinn^*  No  IT  IIJI 

PmMm 

1  HIM'  •••• 

Harko  CvlMli 

1  ««N 

At.<Mk<r  •  vnM. 
PIMH  tfMi 

»C‘U#  OM 

•5 

Vm'o.  gool  #v  SiMtlorNy  to  i 

AotoHor 

V«oi.  TVo«  Nv^ov*  No.  ■VUm 
%«N  tool  MiInnI  No  ITIiai 

• 

■VI  C  M«# 

HeiWf  i  Wmoo 

I'M  mmti 

H  V«o4m« 

■l.'tl»«W5 

V*«.  M  1'  T.  Ik.  ATl.tUI 

Vmi.  Tm  llt|«n  Ik.  avi.lMV 

Mh**  T*Hf  Ikiwrt  Ik  IT  IIU 

goMiAoMiM 

INoNInI 

im 

AtrtMtor 

i'w^  tlaj# 

OrttoiOM 

RvMrr  Vita 

M'tl#«IMO 

VoN.  g  4  f  ItoyoHrto  No.  Nto  #  1## 

Vro  Tv*  tofMi  Ito.  giTH  I#  #« 

Nri  Tv*  iNyovI  Ito  IT  tl#« 

. 

lAMlNkA 

i««Kr*a#  #k»« 

Of*  MOJ 

Vollogr  *0MM 
rioMP  lo-iof . 

■HIT 

VrN  g  1  I  totowrv  Ho  I4T## 

%oii  Tom  N»yiN»  No.  IT  lltl 

MmINihAIM 

ika+Mg 

<111*00  tloc 
«##»# 

VoHo*  #■  owir 
tloM  IMof. 

UHIT 

■ 

Vo«  g  <  T  l^ort  Ho  I4f## 

Itooo  T^ol  NtoMHt  No  IT  IIVT 

MaMlIlBMHai 

1«7 


TABLli  16  (Continued) 


MPO.  PART  NO. 
MFH.  «  CODE  NO. 

PAIIT  NAME 

SPECIFI¬ 

CATION 

COMPLIANCE  DATA 

QUAUnCATION 

STATUS 

KT.KCTKICA  1.  SVSTKM  (CuntllMuil) 

I.l;!-5I 

Ali'banH' 

('wti*  HiU.'tH 

Acluulur- 
Altorun  llritup 

SCI)  K(IU.70 

Voii.  g.  C.  T.  llu|jon  Nu.  2U1 

Vun.  'ITsnl  lloiMirt  Nu.  gCSLI2-6l 

Kyun  Teal  lloitoi  l  No.  IT  11110 

Quatiflod 

AlriMirtM- 
(Vulr  HltUU 

Acluulur  ' 

I'llch  Kun 
liilol  luuvui 

S(?l>  KUINiQ 

Von.  g.  C.  T.  Iloporl  No.  a04 

Von.  Toni  llo|iurl  Nu.  gCTI  ll-rt2H4 

ItyuM  Teat  l<«|M»i  No.  IT  117a 

(hiall'ioallon 

PunJInK 

(ion.  Klof,  Co. 

Ciitli!  (ilSifn 

(loiHM'Ulor  - 
llruahloHk 

IIIIC-lll:i-l 

Von.  hun  'D'hIoiI  4i  guiil.  Iiy  Sliiilliirily 
l‘i'ululy|io  Tonla  on  Aorocunniiuialor 
AlroiMll. 

IIViiH  Toal  l(o|Mii'l  Nu.  IT  IlliU 

guullficd 

a.s.'MiuiH'rjriAi 

(ion.  Kloo.  ('o. 

('inh-  UI52« 

<?unt.  I'luwl  - 

Ounonilur. 

llriuihloNN 

hl)C'-l»B-l 

Von.  Iiun  Tunlod  h  gunl.  Iry  Hlmlliinly 
l‘rolo(y|M<  Tokllnii  im  Aorocuniinuiaiur 
Alrurufl. 

Kyun  Ttiul  llo|H>rl  Nu.  11'  117(1 

Qunllflud 

a.‘l(iiU-4 
lloinllx  Cuiii. 

CiHhl  NiiaHN 

Invorlur 

|MS2IUNa-l) 

Mii.-i-7uaa 

Vun.  g.  1*.  1..  7IK)‘2  t  In  Aihllllun  Mnuta 
Kyun  luiw  VoiluKu  |iur  Kxlilbll;  ■ 

Von.  Tout  Nu.  KSO  M74 

guullflud 

1 7 -S 

Kloo.  .SIOIMKO  lluU. 
CimU-  IKtl  I 

llullory  - 
.SIIvor-/liio 

AI.Ml  lilK-M 
(Mll.-ll'linl) 

Vun.  (|u..iM.  I>y  Sinillurlly  lu  KxIulInK 
Nnvy  A  Air  Furco  S|M>ua.  Kxliilill  iy|i 
Cull  Dula  llul.  7-IIOUO  1V|Hi  S-yS 

guallfluil 

MliUii 

jlo(KHx  Corp. 

CihIo  ivai.'i 

I'huno  Aduplor 

Mii.-i-siaaii 

« 

•Von.  Oorllllon  Piii'l  Will  l'ro|iurly 
Su|i|ily  Puwor  lu  Mll.-I-Siaai)  Alllluilu 
ImllCMior  lur  Wlilvli  Im  la  g.  1*.  1.. 
Kkliillll  l)HK.  XIHIH  IHD  «  8|«!ua. 

Ilyiin  Toni  Koium'I  No.  IT  lias 

Quallflixl 

77-775 

Ai  ituia  Corp 

CiNto  ih>i7U 

I'l'imNluriiior 

MII,-r-27A 

MII,-E-ri272C 

Vi’«kI(M'  IVriilivH  to  HiMirN-Kiihllill 
V<fiMlor  Hwg.  *i:i,  1 1 .  UiMl 

goal  If  lod 

IIIIttAX  ()7-Va 
IIiiIm:o(  )i  lairp. 

CikIv  naiKil) 

Koliiy  •  Miitinolii' 
l.ululiInK 

1(111.-11-57.77 

MII.-ll-2ri0lN 

V«*o>i«ir  tVrtllioM  Iv  N|h;cii  Knoupl  fur 
l  oi  tu  PiurliM' 

Myiin  Ti'hI  No.  IT  1124 

guullflwl 

MH7X-a(iOI>7-a(tV 
liulN.'iHik  Curp. 

(.'win  M2(>ft(l 

iioiur  -  iH'irr 

Mll.-ll-fi7r.7 

Mll.-ll-2r>nin 

Voiith*!  C*<<iillh'ii  lo  H|)oum  lor 

!»•  Kuvliir 

llyoo  'IVnI  Nu,  IT  Il2r» 

guallflad 

ItHIIX-KiOlH-aOV 
IluiMlock  Cnrp 

Coilo  N2ur>0 

lU'luy  -  -IlMiT 

MM. -II -77.77 

Voii  lur  Coi'lllH'a  (u  H|M*c  Kiicii|i(  for 

F(u  in  Fnclur 

llyiin  IVal  ll•1Wl’t  No.  IT  1 120 

guullflud 

aii2-ii-lia 

AkuhImI  (KHNA) 
(‘(Hhi  tiNaoa 

llulny  '  TInio 

Ihiluy 

MII.-K-&'m 

Vun,  CurlllloH  In  MII.-R-6272  Hat 
(funl.  lur  "Mlnulu  Man”  h  “THan” 
l'rn)itvla. 

Ilynn  Tual  llilatrln  Nu.  11'  1127  It 

IT  iiau 

guallflad 

■ 

IHI-71. 

Ilurlmnn  Kloo. 

Culo  74lMa 

Holuy  - 
Cnninolur 

Mll.'ll-dimi 

Vun.  BIooIh  MII.-II-SIIM  Kxun|S  fur 
Furin  Fnclur. 

Ilynn  Tout  K«inirl  No.  IT  1132 

guallflad 
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MFC.  PART  NO. 
MFR.  •  CODE  NO. 

part  NAME 

spccm- 

CAT20N 

COMPLIANCE  DATA 

QUAUFICATION 

STATUS 

ELECTRICAL  SYSTEM  (Continued) 

4-14I3Y 

Otiyiitrom  Corp 

Clide  M3S0 

Roley  -  Senelilvo 

Sot  Pomt 

MlL-E~6272 

Vendor  Csrtiflee  to  MIL-E-b272 

Ryan  Teat  Hepuru  IT  1141  li  IT  1100 

QuaiUlad 

AU-0643 

Jordee  Eleo. 

Code  OlSfS 

Signal  -  Audible 
Waroli« 

MIL-fi-8320 

Vendor  Certlflea  to  Dwg.  Exhibit  Dwf. 
No.  Dl~0383  L  Fimct.  Slmll.  to 
MIL-8>8320  Except  for  Frequency 

((iialitlad 

324-2S-2 

Cdleon  Co. 

Co^  BOOM 

Cootrol  Aa«x- 
(Fir*  and 

Ovarhaal  Wli«) 

MIL-D-700(i 

Vendor  A  ByeUm  ()ual.  A  In  Uee  on  the 
FollowUM  Alroreft;  F-102.  F-lOA, 
DC-8.  C-133,  TiJ.  T-37.  T-38,  T-38. 
P8U.  F8F,  B-70 

QualUlad 

•0131 

RytA  Aero.  Co. 
Code  78022 

Duel  Timer 

Aeey.  .6  Sac 

12430-230 

RyuQ.  C.T.  Hapott  1246»-230 

Ryu  Fund.  T«*l  Itaporl  IT  DM? 

()iial.  lor  Air  Foro*  on  Q2C  T*r|[*l 

Quallflad 

TI08‘10-48-C 
Peckerd  Ball 

Code  48813 

Cooneotor  • 

Eteo. .  Plug 

MIL-C-Ml* 

Vendor  Cartlllee  to  Exceed  5015  flpeee. 
heaQual.  lorA.  E.C.  Uee  (Special  * 
High  Temp.  Coaneotor) 

QualUlad 

CARX'TYPE 

CtOIKHI  CiM. 

Cod*  flM« 

CociMctore  •  Elec. 
Plug/RecepUele 

MIL-C-MIS 
MS  3180 

Common  UuMI*  Whoro  MR  t016  T>p* 
Rwi'd.  Vandor  Carlin**  lo  MIS 
Slmllarlly  Ein»|)i  lur  MR  JIM  lypn 
Pta* 

l)ualinad 

PUB -  TYPE 
BondU-BolMIIU 
Coda  TTtig 

Conneotore  Elec. 
Pliif/Rac«pl8Cl« 

MIL-C-3i482 
MS  3180 

Common  U**^*  Wlwr*  Pygmy  1>pn 
Roq'd.  Ryu  Evtlwila*  "Bntl  l^gmy 
Crln4>".  Vondor  Corlllla*  In  SMS2 
SInilUirlly  EwmR  lor  MS  SIM  Tip* 
PIM. 

Qval  Iliad 

PTE -TYPE 
Bewltx-Bolatllle 
Code  71820 

CoHMOlora  -  El*c. 
Pli« 

MIL-C-M4** 

Llmllod  Uufo  Wb*r*  iMUIIml  E<|vip. 
Ilu  P*r*nt  Conuolor  il*<|ulr*m*nl. 
Vaador  CarlUlaa  by  Slmllarlly  la  M«S) 

Quliriad 

D8-TYPE 

OouUch  Co. 

Codo  1741* 

Conneotora  -  Eleo. 
Plug 

MIL-C-aC488 

Llmllad  Uaaga  Wkara  lulallad  Equip 
Ihtt  Paianl  Coanaolar  Raqalramaal. 

Vi  ndor  CartUlaa  lo  2*4*2 

MtmItfM 

A/U83'TYI»E 
Mlcrudol.  Inu. 

('udu  08278 

Cuniuiolure  -  Elec.' 
Multl>plik  Typo 

MIL‘t'-2fl482 

MiiiltiHt  Ueoge  Where  Inaullod  Equip, 
llae  Parent  Cunneclor  llequlreinenl 
Vt'inlor  CertUlea  lu  20482 

Uual  Iliad 

Anip,  iiic. 

Co<le  UU770 

I'drintnalo  - 

Wlro  -  Kidd. 

MII.-T<7828 

Vendor  MuoU  MIL-T  7828  All 
Terinlimie  Mx^d  Have  MS25UJ4 
Equlvelente. 

QualUlad 

'riiOH.  A  Uvtli 
('odd  fi07:iU 

Sloevee  • 

(Iniunllr^t  Uheeth 

MIL-E-216Ue 

Vendor  gPL  21008 

QuIUlad 

820  (}N  1 

J20(1N  1 
(Ryen  Mat  Codo) 

CNbld-Elud. 

Hpddlal  Pui'poeu 

MlL-W-0088 

Wlr*  Muvl*  SIM*  Eii<nq>l  Ha*  Hraldad 
Mili.ld 

QualUlad 

8H  20 

Jll  20  T 

(Ryan  Mat  (Jode) 

Cabl*  -  EUw. 

Hpooial  Hurpoa* 

MIL-W-7138 

WIr*  MouU  7IS*  EiuMipl  Ha*  Hnidad 
Mila  Id 

QualUlad 

''-■***^ 

IM 
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MFO.  PAST  NO. 
MFR.  A  CODE  NO. 

PART  NAME 

spEcin- 

CATION 

C06IPUANCE  DATA 

OUAUFICATION 

■TATUB 

PROPULSION  SYSTEM  (CoMIiuimD 

428U6E1 

WmI* rn  Oaar 

Cod*  OTIM 

Bhait  ‘  Flex  - 
AoCc  Drive 

SCO  P0021 

60  Hr. ,  CoBlIeuow*  100%  Ralad  Load, 
llualUlcalloB  Rub  on  Slmidtlor  Prior 
lo  Fllshl. 

Ouallftad 

4aaiOEi 

We*l«ra  n««r 

Coda  OfiM 

Oaar  Boa  -  F*a 
A*«y. 

BCD  pooae 

Sajna  aa  Above. 

(JuaUflad 

ari-«-3iUT 

Ooody«*r 

Cod*  8MU 

TMk  Aaay.  -  Fad, 
FihI 

SCO  P00» 

Reler  lo  Ooodyaar  QualUloetkdi  Teat 
Deport  No.  300 

Ouallftad 

muktomalar 

Coda  MAM 

Oauflat  Syat.  Fu*l 

BCOP0026 

Refer  to  LlQttldomeler  Quallfloatloa 
Teal  Report  No.  KR2Wa 

IT-ilT2 

Qual  I/lad 

•0-426 

Hydroair* 

Cod*  616*2 

Pump  •  Fual 

Booalar 

SCO  P0026 

Similar  to  AO-SAl  and  dO-dOl  for 
Porformadoa  Refer  to  Teat  Raport 

No.  TPA0-43A 

Qualified 

V-U6M-26 

Valoor 

Ood*  t646T 

Valvo  -  Air 
■udoff 

acupouo 

SImUar  to  V-14600  V*lv* 
gualUhid  par  AoroUM  Lib.  Raport 

No.  6O410-T 

Quallftad 

F-46U 

Mloroporow 

Cod*  14664 

(Hralaar  Fml 

8COP0036 

M**ulao<urad  lo  Moal  F4612  aad 
■CO  POIMS-1 

Oualtftod 

6-62220 

Vl**g* 

Codi  61120 

Vilv*  •  CMok 

Ho4  Air 

8COP6666 

■ImUar  lo  VIoMai  P/N  A40033 

Hal  Vliiww  Ur  6-16-66 

Qual  Iliad 

KIrUiUI  Ihdtbar 
Cod*  T6646 

Co^lag  • 

Flrapraol 

•CO  P6666 

PsudliM 

■liao*  EUa  U*ip 
C«id*  1626? 

OuM  -  Ftaa 

4-l/r  Dl* 

■CO  P6646-t 

Malartal  p*r  MIL-D-6441 

Flam*  Raalalaal 

•pMNI  FW*  CM*. 
Cad*  16662 

OuM  -  Flaa 

4-l/r  OU 

■CO  P6646  1 

Malartal  por  MIL-0-6441 

FImm  N*atataal 

TU46 

C**IB«  Uaaip 

Cad*  6M46 

PaMMI  -  Piutaura 

•CD  PdMI-l 

Ralar  ta  ■Utamoal  *1  Mmllarlly  ta 
IpMltflDd  awIM  P/N  1061  par  Itamrt 
No.  1062-66 

Ouallltod 

•AMi-A 

CVtlMO  0MH|> 
Ciid*6PM6 

MM  -  Praamir* 

icopMi-a 

. 

Ralar  ta  ■tataMiM  af  MtalUrRy  la 
Daaimad  aulM  P/N  6061 -M  por 
HtataH  No.  6011-61 

Quallltod 

»Ti***i»id  Prad 
C**T6M6 

OuM  ■  Oi6lt6|  Air 

■COP6M6 

Malartal  par  IIII.-0-664I 

Fteaip  Raalalaal 

Quiilltod 
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